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Ay Aealivivndigausannndt 4 m1 vasniulaiing uazdewlsnngausauinndl 2.5

WI1w0aa1u latiana
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= l .
2.4 MINATPUANUAUIUTIAY (Tensile Test)
MInagauLsRe e nsnagsuussdslddmiumnlszdiuammiwssveslangnse
L q’: o i Y 1 A &1 or
Tanzuaumens 19isauvalugraadugdaudasiad dreanldnaaauesiidnuus
uand1efiulildmsulangowiuduuduniooteiuthuuia Taedoyaildfonsvlsening
3 o = = - a 1 Ay s’
AnuAufuaNWATIAMIrInTsuvTeusaasnsasulagliisvesduaiu deya
mnfddnai ldonnisnageussiwasununwaNmAuLaza eI Medrnsiud
o
qil
241 Tugdavesarnniudmafin (Modulus of elasticity)
o g = 1 1 :{ ] s é
Tugdevesnimuihudarada dludenudumudensnlfouglsuvesiag e
TAFunsansziannsont ldornnuduvesnsidanuduuazaiiundvavesiaglu
s - - e ' gt o . s - v - . - SR S e
gozisandalaamiidiavguey dimiylangsziiamdeondt 0.5 esidud vesnunise
o a = a_ A 3 o -] Qs
TaohiTugdo  vesnnuiludmadnilifeadosiunnuudans weesiuse (Bond  strength)
v A He Y = a
sgniesaey vedlanzuiovedlanzway Tanzhiidi lugfrvesnnuiludara@ngase
' L 1 1 v o ¥ oA @ . . .
unseladulaouyilsisiw iy minndiin lugdauoesmstada 30 x 106 psi. (207 Gpa) Tuvay
hlavgegiidionilaidinalssuin 10 11 x 106 psi (69 — 76 Gpa) Tsadunndrlusrzany
P kY -~ ] ar (-] d' d'( ¥
gadrvsunu WA NI ULazA ARG uaa T Tugddez lldininddnuslas dieniumdu
4 & '
ATHEDT
242 ANWAUMBZANNATUA AL YANTIN (Stress and strain at yield)
anuduimzaniva o Yansn umrmedutazaimimivaueeiag o ek
d'. LYY =y =y =y 2 A ar A L 3 =
wasumiiasndaradaldifuwara@anTedafonilanuivanudfagiuesiinng
dl 1 1 d‘ =] =5 S 1 x:ly o [ -dl.
nlguutasgiie sdunnniioanuduiionrmIvaliamnn i1l dmiuiaginaaga
asnegeTaaus1ez duna ldnniins ildinomdusiiiugud diulunidinieq hivgas
a o o yg 3 sd 4 A Jsd o ] .4
AT INaRSRRIIY ofmuald e 0.2 esibud nie o.11lesbud Y04 Plastic strain @
= J )4 =1 L) ~ =) 1
wevu lumunmanufurazauaien dusidmualunmsmysnsin snion1ddneds
4 :
HUIN Offset yield
243 ANUAUNMUUTIAIYIGA (Ultimate tensile strength)
ANLAUNMUNTIAIGIEA Ap Anuudwsgagaueeiag Aosansnanuduma
¥
Fetanysy gagaluseunimarusiunazaimnadvadil ludeslduinlusesnuuums
Inssunead i lnsmwizedvdsiunin langoeu (Ductile alloy) tifaanindimsninilasy

T 4 ¥ 1 1 1 od 1
gilednen s edannfeudsm AN UMULs AR uded1e lsimudiaud NIy
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ar L]

F o » »
ussRsgagail Srannimiad 1 Tansiulinnuanyseingelud Tanetuliauysel 1w
fl3ngu (Porosity) 9zM118A1 Strength arma
v s
2.4.4 nledidudmstadii (Percent elongation (%Strain) )
A Y S T sd & 4 : Y v
wefiruamstad e UTnemlesiuamsnlasuulasgilinvesduaudedn
] » ]
muldus e ooy Aussuznsda (Gage length) vosduanmaney uazdutludnlduen
fandou (uctile) vo3iag Taona il TanzdsseudaiisnlesiFudnmibaniniaad
& 4 o . W P . | . A - -
Tansiunldougihng dwmiuTavzegilidlonuSgnindluudumu 0.062 12 1501.6 mm 9zl
nledfifudmstiadageis 35 nlefidud udduiulanzegiidflounen @nuudwsagend
7075-T6 Hinuwiiiu sxfinlosidudmstiada e 11 nlefidud ulesiFudmstiad o gef

¥
viadanudidgnediuianssun mszuonoinezd s lavsdudewivla

¥
ddd1

ar Qs b4 ' q’: =L i
whhfaszdludsiing s i Taneiuliquamedials

-1 o s -1 o
2.5 msugdsuudunaznssEmMsTugUsumiy
4 & : a & 4
msauginidu nsugiluui (Cold Working) wunuda suaumsTatiugiineld
o - i) ' £ o -4 Fd ‘o a
FaguSelanznansnlaoualasgilse siianiasTui 9 gangiia o dai Taglih1dide
1 4
wanlvaliu yurunstugiuuudu walszaenhide
2.5.1 MI53ai (Cold Rolling)
flumsSaludnpazidu@oddu Hot Rolling e o1ffuga3a (Roll) aeadavyutu
femadaiu gadaudasdanziideailudovazdi 9 mwidesnis o Tavzirnaudounas
"B 9 = T 1 = WPd v ] L] ] s A A
dedufgnianinsedie o lansezgaiiuliiiglsuausesinssnigniauasimaond
P [l ° 3 1 3 4 -~
poAMBAA LN tavzih ludugaiiominiy (awizlu Flat Productsyie 14 14 Tanziinna
' -] v = -] 2 a Aoy ' 1y o
wdueuuaziG o1 151 MsTaman neuvisaazezgidion Hilvwegluiawmaians a1y
al 9 ci' Ao oo a
wduna ldnn lavzwnissiimiSomihoiu
¥ o @ & o or 113 o L= | A |
foddatadminmsldaumanuiiiadou fe anmmuuazAngnilnagudae
4 e v { o e e qa . v d o 4 o
Oxide scale Gafialutrefimaneonan Finishing Mill uazildeslfiiudrannigamgie
mldmanusiSadouliawsaihlfidduonundsnisanumudes uadesmsaamaah
v = o oA 4 ¢ o [ o d A
awsny Aaiumdnuduiadouledesasgmiilidunszuoumsiaduioananumin uas
- d o /e s A ! A o A a9 24 o .
msiaduszi iAveamaniinnuasny deswndlumsiafigangiifosdesiia Oxide
- o = of T
scale 18810 ATzIIUMTIABNIISUINAI AR Oxide scale pBNYINHIMAN Sadounoulay
z:i = o v o {
Oxide scale NUnAQUAIIBUNANUFLGATOUIISZNOUADY 3 layers (AsgUN 2.9) Ao

» 3
layers 1. FeO (Wustite) Wudulugaidudadufundn uazfinnumminnga
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¥
layers 2. Fe30,4 (Magnetite) 92diusfuasenans finanmnnthunais uazilugdm

w [
layers 3. FeyO3 (Hematite) sziludunengaiidudiasunssenma Sanumun

viouga uasifludua

Fﬁzoz

\

Scale

/ Fe ShStUt I’ |
7l

X =y ] ¥
317 2.9 Oxide scale UuAMMANUALGATEU

111 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan. (pp. 23)

1 2 o o { =]
AUHUIVBWADE Layer VAUAUQungiiazussnIANdman aasaIy
Aumiiauu Coil TaoeuuINAMUNUITINYE Oxide scale 930N 8-12 Um Inufiveuves
d - . [N | A =t T 1 9 T A ar o
Wan9zil Oxide scale HUINNAINDU UnzeslidAadIUUDE FepyO3 INANTIAUNUIOY Fagiii

2.9
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Temilite Magnetite
]
d _"— o~
Wit - \ Wadile
1
e Strig comnt Ege CT=521°C
Toitlal scale stnsclute
/ Mangelizst Irnu
B /
Q) )
Vi
/ CT=A-060FC /
Hzmaue Retaloed vustitg Magmlﬁe
hhngcllk#l'm\

&

o A /Q@Q\

CT=120'C

319 2.10 HaVB4 Coiling temperature AD TA5903 19983 Oxide scale

11 : R.Y. Chen(2001). Oxidation of Metals, Vol. 56, No. 1/2 . (pp. 89-118)

o w . - a A . . =
A3618A Oxide scale BBNIINANNENT ATousIdimaiiafiFondn Pickling Faily

v % . Iy o o o ¥
M3 1% evasaiunsaazaiy ( Dissolve ) Oxide scale DANIINANMAN M3aza onsanivy1dee
=% Ll =y P=)

1 g 2 wila Ao
. 4 2
1. 4158210059 Sulfuric (I1,S04) FIaUNTAALAI FeO uaziiloman (Fe) oon'ld
L4 @
410UA Fe304 U102 FeyOauminag hignasaudiunsastatifaiiozdaaiinis 14 Scale breaker

wr a & o W a Ao d 4 . =
(Aaneraatuglh 2.11) e lvifa Crack NHuManGemIsaza1enIa Sulfric vEEMITOH
¥
K1Y Crack 141 la)duiiodu Fe uaz FeO Tnunsaaziiind§fsouniidaaums

Fe + HyS04 => FeSO4 + Hy

FeO + HpS04 => FeSO4 + Hp

=2
.
=
=y
gt
(=
=
e

13 ]
11191 Fe304 1az Fe;Ozuniing liignazaisalunsasiinilius g Hydrogen it

-~ -]
(181 Fe304 UAE FerO10DMNHANAN



18
(a) Leveler _

(b) Processing scale breaker

{c)McKay tvpe scale breaker

T, o T T 7 a‘ljﬁ 2.11° 1AaU04 Scale Breaker

f1311 : Cold Rolied Steel Sheet, The Fron and Steel Institute of Japan. (pp. 22)

2. 4150%019N3A Hydrochloric (HCI) 1115008810 FeO, Fe304 LAY FeyO3 090

wndomin 18y il lis iudeald scale breaker uat1#ozir1%na11uns Pickiing du
a1 Tunszus Pickling manuriiEafouez1d Continuous pickling line #1liznaudasda
N5 (Pickling tank) 3-5 Seifuade Tavudasdansiinanuen 20-30 uias Ruaaslugalii 2.12
mﬁnupiu?ﬂ%'ﬂufuzgnﬂ%’iaanmnﬁammﬁamuﬁ’miﬂﬁwuﬂﬁwmmﬁa 40-360 WATAD

WA

EXAT COIL CAR

NECOILER AND
OVERANKM SEFARATOR

STEERING UNIT

MIMSE TANKS
ACID STOITAUE TANKS
[ Vs SonuUBEEH i
K[ ? o
..

FICKLING TANKS

WASH TANY

SCAARYTIOCR 7}

B
HYDAAULIC CRLOP SHEAY >
HOT - AUy DILY &1

NOLL GOATEM LAIT

HVOMAULIE CROP BHCAR
FEELEFY FLATICNEN
TWWIN GEPNE SHTOITER

FRTOY COIL AT

317 2,12 @20619904 Pickling line

1 : William L Robert(2001), Flat Processing of Steel. (pp. 190)



19

TunsguIUMS Continuous  pickling 12ABIRIUGUAIIITNI UL gRMgTive
asazawnsaudazdalfivuizey dmfuaisayaonsa Sufiic  9zogizndig 1525
S o 1 . | r fd $
ilesidig daumsazniunia Hydrochloric 9zagszndn 3-10 alofidud Tnsanududuse

Q‘ a i A J at 1 1 =y ar 1 T
Gunindesluded 1 uaziumniuludsdonin diugungiludssaiuguidogsznin
80-100 e raIFuN @19619015 AFURNAINTLTUYEIN130ZAWNIA Hydrochlotic DZUAAY

Blugali 2.13

STRAP TRAVEL

321 WGl DRAG-0UT

i ~

DRAG-IN
N

HCI/
Fe/

04.1
8 -1

2-3
f2-10

713
10-14

6-12
119

2226/
TOTAL Cl

—

¥

*

L-----i---- :J----g -----54 RS ENERS

DILUTION BY CONDENSATE
FROM STEAM SPARGERS

SPENT |1
ACID

1 2.13 dredumsanquardudunsalu Pickling line

1111 : William L. Robert(2001), Flat Processing of Steel. (pp. 191)

foasseisdmIunzuIuns Pickling Ao man (Fe) sxgnazainlddiendl Oxide
scale Y117 41wABN51AA Overpickling F4AAIA Corrosion HiRaman ldAunandludima
Tifiua msileany Overpickling Hinozviiinun151A Inbibitor 841UNE N A Inhibitor 93
#ifiAa Film wuAawindatleafuntsiia Comosion Sauaadlugiii21a #av619 wos

Inhibitor Uerad 13 lums19 2.5
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secits oy Srleataos]

aniory
=IOy Y FaokTreso
- ; ik

711 2.14 nalamstlesdunisifin Overpickling A6 Inhibitor

|
1IN : U,Etzold(2001).The Use of Corrosion Inhibitors in Steel Strip Production and Coating

M15197 2.5 #20814 Inhibitors

Electron-rich group

Chemical formula

Alkenes

-C=-C

Alcohols RC-OH
Amines C-NR,

Polymerized aromatics Ph-X-Ph
Heteroaromatics C,N,RX

1111 : U, Etzold(2001). The Use of Corrosion Inhibitors in Steel Strip Production and Coating

o H of 1 A 1 . . A‘i o ar . =
ﬂawmﬁmammuiﬂ%’aumuﬂszmumi Pickling !W8N19A Oxide scale 89NIINHD

d A ¥ k4 o o o A1 o ny & 1 A =Y
Lﬁﬁﬂﬁﬂﬂ'ﬁﬂﬂllﬁ?!Hﬁﬂﬂﬁ]ggﬂu']klﬂ?\iﬂ'luﬂQU'lﬂiﬂﬂ'nnl Spray wul'ﬂﬂ{ﬁqniﬂﬂﬂﬂ‘ﬂ'lﬂﬂ?

2] 3 2] o 4 i . . é r
mfin inthumanfezgmirlSaBuieasnnumuii Cold rolling mill Feamnsouta’ld dlu

2 lszangiln2.as uazgiln 2.16
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1. Reversing mill MUV One-strand) Favziifiemremsiauuy M-y n1s3a
wuvil esifdamsniad Fofu i %ﬁﬂf‘fﬁqmmzﬁm%’u’%‘mnﬁﬂﬁfé’i’mmiqmqua
n3BmanInIATieY

2. Tandem mill (i Multi-strand) 5im)szn1820 2-6 Strands Ms3aLLTNE
i lsz@ngnmga munzdmSunsuiamannsafidlu Mass production Tauialulesfionld
UUY Baich type mill uAmeRvifamsnansziimsAndunioudan (Welder) a2 Loop car
¥ Batch type mill e 1H Loop car Rmthitfiuazey minTusraie coil Viaznies
ougvimihilidouthe coit AisdagnIadinta Coil hmihdroiu Flilidemeanisnaa
wenAeu Coil Twil Milt uuiidend Fully continuous rolling mill &1nila151i1 Pickling
tine WG oo 13T Fully continuous rolling mill 1#iel¥nszuIumssAnTianudeiiies

£ - A 4
WINUY 98680 Mill 91191191 Combined pickling and tandemcold mill =~ == == = -

== Bateh type mill (7

Ful ly continuous
rolling mill

| Combined pickling and

tandem cold mill

gt " R

31 2.15 dnwaig Cold rolling mill VLA

#1341 : Cold Rolled Steel Sheet, The Tron and Steel Institute of Japan. (pp. 25)



Thicknese  Thickness
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i
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- Thickneas Thickness
— uerr matar
‘e
L O $ Tenslon
B Pay oﬁ 8 veal
5
2 O
Thigknesa Thickness

== meter welar

: e Walder | . ésmar

E 3 Fay of f . . —3 Tenajon

- | E . 5

- — =] - ’g ——ragl - - il-ﬂpﬂr‘— : £ _ resl

el
2
il
5.
e
EE
zs
o ] Fron A
s pickiing ‘LW" car
.§‘§ line
E H

101 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan. (pp. 25)
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A Y o e ol a d = P a  w L4
o ldndndusinldvinsTaduliguammuiissyluinaspusdadusl  ms

=4 29 L | ] o ar o
iR muﬂgﬂﬂquﬂ‘ﬁﬂ']ﬁuﬂuﬁgﬂ']ﬂﬂuﬁ'.luﬂiﬁﬁﬂ 38700

1. MIfMuUA Rolling schedule lasvialimssadusziidadiumsanvunnin

=] - dd & a 3 . . e o =
man uRuIaaulszuna 40-95 !ﬂﬂil‘]ﬂm 1981721 Total reduction ratio ATHIUNIITIALUY

Tandem mill 93ABHIN1INIZI1Y Total reduction ratio 1Lz Strand MIHIMUAReduction

ratio TuuAng Strand i A13519UA Rolling schedule 321NBIT04 AT AMUATEIINTEH IS

=1 = = ‘& -4
n3n (Roll gap) USINAINGNTA (Roll force) ANMIGIVBIYNTA (Roll speed) HIMIAWUA

Rolling schedule 3¢iiManseny IngnsinoauailaueynInNuv U1 (Thickness) AUGHU

ey o ] =1 o a oo
(Flatness) uazerutiavouvianuriuiaiy Taovia liludasasistnnizuiunisiadeussiina

nuegluein 0.15-3.2 fHatwas

2. ANIAIUGUANIUNYY (Thickness) AAILRURIIMUTzmilATy 2 uud fe
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1. ARV Coil HamN 14 Ao Thickness deviation AMNANIINITTA A9

o

ueraalugalit 2,17 Taonalimiveuvesnaumuninoziiaiiii Coil (Head) uaziithy Coil
(TaiD) Feilugaefil¥nnudlunsSad
3/ ooy e | . 4 1 ]
2. anuunanaves Coil M lnumido Crown Futluanuuandrasznig
i A ar o w o a
- anuvnfigafinaesmnunhsiuanuninfivey dwaasluglii 2.7 aungmaifa
’ﬂtymrsﬂm'J'm‘lnﬁmmumjmﬂ'nwm p1IIININgUAHYBUN AnLRUS aTounTenn

ﬂ’i"‘l.l’}mﬂ'l‘i‘iﬂlﬂu

Rollirg Thickness
/ directim

Kaximm thickeess
Thickness (t)
devitien in
rolting direction

Tramverse
directin ="

L hverage strip
sl (4—4) ' !lhe;?:tﬁ t) cron
in rollirg direction

o Cromn deviation

LT

Thickness (t)
Y deviation at edge

Hinimm thickness ]
Total
ao:wacy

gﬂﬁ 2,17 Crown ilag Thickness deviation

111 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan,(pp. 30)

3. MIAILNAIMISL (Flamess) f1MInmsauguauisey lifuiweoziia
HymituanuSvuveunin 14 3 Snuae fe
1. Aadnuasfluaduiivey (Wavy edge)
2. Ry iinnaenInS1a(Center buckle)
3. Aamsyussuingaienans amnaiuvoy
Fauaalugili 2.18 Wuderduilymidesnnumn aungmsidannilguusesnnuiou

= a o
019U i]']ﬂﬂﬁufn“ﬂ‘ﬂﬂ»‘imﬁﬂuﬂuﬁﬂ%ﬂuﬁ%ﬂ‘il']ﬂﬂi%‘lJ'Juﬂﬁ IALEU



24

o
Lo
o
[
-
o
<o
o

Wavy edge Center buckle Quarter huckte

: 4
juin 238 HlgmiFesnnuiSouveaundn

11 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan. (pp. 33)

P a o o Ay 9 1 aA o d a
- ilesnnnszuaumsiadudunsiaigungites udi luvasiigniamanssd
o ‘; o | ~ T Pt 43 diy 1 A 1
gamiigaunsniaiioaninmamlsliozusafvaniu udoamgiinigeduunn lidivawe ae
= a T o o d A A o =1
ATSIARA Restoration process Ay lunszuaunisiad ou Mlmvanfirumssaiuing
[y -] oW 1 a 1
ANYMYUB Grain NU1I50n T Elongated grain baziindsiuandgod lulnssadianin dann
< S =
Tminfinnuuds (Hardness) tazanuudlansa (Stength) iivsnniuudiinmy milsanaag
¥ [ 1
~ Benan1ziidl mangn Cold-worked  A93ilf 2,19 maminnaniiog luan1ay Cold-worked
Y o o o 5’:}5) ] J =1 M A [ 3 4 A
Wiiwandasnassdmsvugl manenszuanyiofnuiald uenominmaniiogiy

A1 Cold work 3£316ADMT DAL

Graln glze - Ductility —
Strength - Hardness —s

Graln slze

1 1 1
\ Amount of cold work -— /

@ O

Original Cold-worked
Structure

U7 2.19 M31AR Cold work HAWIAMSTAITY

W : Viadimir B. Ginzburg, Flat Rolling Fundamentals. (pp.348)



s - - - .
UnasumanAdanssusnand uuiveidtuisdog

TROETIr @ A »

(] [ L4
weldmdnfmunmsiaduuazed Tuan1ay Cold-worked arrsnrir liundnd

Hﬁﬂﬁmqﬁ";ﬁ’mmuﬂwﬁu;ﬂﬁn $uffuiezudanning Cold-worked Frotumenitu@y A
§on11 Anneating Fuifumsiiundnlulevfigungiiqandt Recrystallization  temperature
sz 500-550 serruAFon (WelAiAn Restoration process ‘-"1!1‘4ﬂzlﬁﬂﬂﬁ'lﬂﬂ‘lilﬂlﬁﬂuuﬂﬂﬂ
Tnseadravoamin 3 nalnmud iy fagalit 2.20 e
1. Recovery HUs19514UYDINIIAA Restoration process Fedaeit Inseadrauns
- min o2 Lsinlavunlasdwa 1R 91AYDa Grain (Grain size) AHTIE? (Ductility) £1713 (49
(Hardness) 1a¥ AT U5 (Strength) ez Bifimsuldeuwla
2. Recrystallization 1§114429%] Grain TuaivuanfatuA oY Grain @y dara

e d o J ] o =
11?1’?]'3111111118’3 (Ductility) Y9UHDNIHUUY UARNULIY (Hardness) HALAITULYLT (Strength)

anad
] X ] a ‘3 L= )
3. Grain growth 1113991 Grain Tvdvinadniivinafuduuaiismwivanns

s
facovery | | Grain growth ¢
i L l l b3
Recrystaitlzation l HDG
Hardnegs ' 1652
Z B
= 2
“ v
8 s
azx
t 1
8 s
w2
£5
w @
[0 ‘a“ﬁ
_ @ _~{Specifled constant time
old al each temperature)

Cold-worked Initial Maore
and recovered rectystal- recrystal- recrystal- graln grain
llzatlon 1izatlon lizatton growth  growth

g‘l.l‘tql 2.20 M5INA Restoration process #naa9In Annealing

A : Vladimir B. Ginzburg, Flat Rolling Fundamentals. (pp. 349)
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AT2UIUATT Annealing imAnuduTadouszuaia 181y 2 wuy ninq Ao Batch
Annealing (182 Continuous annealing

UV 1. Batch anneating Hnnssumimsfmdniaduduinaiiu coil gninnsos
Foui i uazgnilaasevdrorumilianudeu Fagilit 2.21 W¥outany Protective
gas. iflodloatuntsifia Oxidation AR UMAnvazeviigunglige TaefimsidWaauthiigi
Wold Protective gas adeumelumuaziiumsnszowardeutam nszuaums
Batch annealing ﬁ"l‘lﬂ (Conventional) Unez 19 Protective gas Hudmnauszning Nitrogen
(No) fiu 020 11lesidud Hydrogen (1) doinldlimswmu1snly Protective gas (Tlu 100
nlesiFud Hydrogen (H5) Sund Hydrogen batch annealing o990 Hydrogen Hnsthaam
§oU (Thermal conductivity) @401 Nitrogen 7 1411 ttaziin21umuuaivi’esnd1 Nitrogen
sz Tu 14 1 ¥hldtans Tnaiouves Protective gas wasmsemauauaa deals
msfNganives Coil dhlethasadwazmhaeimam Fufumsiumania Tau

as o w o 3 @ d
fumsdsgnianaaan uazdivilgeguamman uennimiunsld 100 Wofisud Hydrogen

"3 1 ar 3
dagetloaiums Oxidation 14avLA

gifi 2.21 n32UINT Batch annealing

#1N : Jean Marc Raick(2004). MPT International, No. 1. (pp. 31-42)
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¥ ¥ >
Batch annealing /5zneudlgiunounany 3 fusou sy 2.22 fie
& < & : 3 ad &
uapU 1 Heating Mluduasuiilinnuiowisliminiigamgiiiuinauds
3
Soaking temperature 15z 650-700 oeruaiFoa (Inddugamgii A ) Iudaileziins
Precipitate 94 Alumininm Nitride (AIN) 93111l 1fissa0n 15170 Recrystallization dana l¥ing
. = | P eg > [V | =
Grain Nilvwalngidulunafvemsiugil uenvimiu AIN JeneldiAn Texture tuy (111)
PRI A
Fagunnrmanisalunsyugl
H i ) & | o o . 4 ad
Tunouf 2 Soaking hudunsunnunan’lif Soaking Temperature FaRgamgiidl
2lin31A Grain growth vuilunadTina ASTM wed 5-6 lunsziumsnanzAILgy
= kd 5-" w A ¥y W o . ¥ s o
gamgiuazm dreandosty hndlesdudessmualums Soaking 1MweNgungiives
. A A . -~ =
Coil NBYANTAVDIUAT (mﬁ‘]u Cold spot) q\‘lﬁﬂ Soaking temperature NIIWHYUHGUUALLIIND
- : & A L s A
TA5 Soaking 9z ldanwannsolumsdu glifinundu uddunn o lfimidnidu
1o w g o . da e 4 a oA
ag@aafunsofii1ifia Grin  Alvuialugifiull dosdluaunguesmsifieffivguse
or g 3 o -~ . 5 A‘ T = 1
wasninmsiugl wennindueini it Cabide Ailluuianeony daoz hiflunaddens
2
gl
uy." : U A A 3 A 1 d'
uaBuA 3 Cooling Wlumsildesldmanduiaunfiguugiivos Fewziluged
4 ' . . ) & \ >
Carbon ¥nzanonglu Ferte Tuan M Solid solution 1UiA0U Soaking 9% Precipitate 1T

Carbide BEHNUIVINTY
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Y141 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan. (pp. 55)
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d
U : Jean Marc Raick(2004). MPT Iniernational, No.1.(pp. 31-42)
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U1 : Jean Marc Raick(2004). MPT International, No.1.(pp, 31-42)
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i1 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan, pp. 46
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11 : Cold Rolled Steel Sheet, The Iron and Steel Institute of J apan. (pp. 40)
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“. - patchannealing - . Continvousansealing.
..« Steel type max. C(%) max. Mn (%)  Steel type max, C (%)} max. Mn (%) .

< LFA, a1 0.40 UA 0.060 025
on Uk 0.08 0.30 I8, 7025 020
IF 0.047 0,20
DG UA 0.0h nas i 0.007 0.20
b LA 0.05 0.22 IF ¢.005 0.20
EDDG Us 0.035 020 IF 4.0025 020
_ £Q = commaercial quality UA = unalloyed, law cartan Alkilled
00 = drawling quality IF = ultra-tow carbon,
CLQ = deep drawing quality Fi-zlahifiser interstitial free

EDDG - axtra deep drawing quality

i 1 1 o 1 a
g1l 2.28 ArAMMEARANYBIEIURTUNIIRTveAMAns NI M
Batch annealing H@t¥ Continuous annealing

#1311 : Jean Marc Raick(2004). MPT International, No.1.(pp. 31-42)
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311 2,29 n151fA Yield point elongation

f : Vladimir B. Ginzburg(2004) . Flat Rolling Fundamentals. (pp. 349)
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141 : Cold Rolled Steel Sheet, The Tron and Steel Institute of Japan. {pp. 101)
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Type Main function Tlustrative principle

Alternating bonding

2 | Roller loveler (Lacal stretch and
COmMpIession)

h | Streteher-levelor | Stretch % &%
Alternating

¢ | Tension Joveler stretching and
bending

- 3231 Levelerudines - — - . . o _ ...

1301 : Cold Rolled Steel Sheet, The Iron and Steel Institute of Japan, (pp. 61)
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2.7 msaanztinemduliiiinan15ouUn® (Analysis of Variance : ANOVA)
271 msinnsinnuuidsumafiaiOneway ANOVA)
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1190 2.7 M151mAs ANOVA i)
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Hardness (HV30)
Number Pure Aluminium | SIC-Al,0; fibers(20wt. %)
+ Al matrix

#) | #2) (#3) (#4) (#5)

1 13 | 6 38 35 26

2 19 6 61 27 27

3 21 18 28 23 43

4 10 15 N 30 41

5 6 ) 15 44 | 41
Average 138 | 1125 | 355 | 318 | 356
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M31990 4.18 UHLAAINITIATIZH ANOVA U310

Source of Variation | Sum of Squares | Degree of freedom | Mean Square F,
% Cold Work 49491 1 40491225 | 12.66525
‘Temperature 9320.74 3 3106.91425 | 79.50876
Interraction 285.91 3 95.30291667 | 2.438888
Error 1250.44 32 39.076375
Total 11352.01 39
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4.4.2 miamnsianumlalumanunudensifsveunan ST37
msnTzdanuudstsay 2 madlunsnaaeuTasfinsaudentleds 2 ude

NFoUNU AD % Cold Work Ll Temperature AidHARDA N INNIABITIAG

M7 4.19 JTAINIATIUNUADLIIAY B IR Yield Point YBINEN ST 37 (M1I0:Mpa)
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Furundaimsauazudamairlleu

fiou Aoun1siilfou
Py o dd o sd o
U | MIIA v . v . nlosidug nlesigua
a alesiud | nleditua a4 A
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oy d . YUV | GUARY | DUUNY | QUUAN | QUURY | MUY
wB% YlS% o O 0 O O o
niou 850 ¢ 900 ¢ 1000 ¢ B850°¢ 900 ¢ 1000 ¢

1 377.95 408.19 430.66 390.55 | 377.95 | 37L.65 | 384.25 | 390.55 | 365.371

2 403.15 411.96 434.54 384.26 | 366.61 | 384.26 | 377.96 | 384.27 | 37795

3 413.23 405.03 428.34 36535 | 384.26 | 35779 | 384.26 | 352.77 | 365.37

4 385.51 410.07 430.86 371.67 | 36536 | 377.96 | 390.55 | 352.75 | 352.75

5 438.43 415.12 435.70 384251 | 377.96 | 359.07 | 390.55 | 396.85 | 396.85

ﬁjgﬂ%ﬂ 403.65 410.07 432.02 379.21 374.43 | 370.15 | 38551 | 37544 | 371.66

:{ o s [ T =
MITHN 4.20 LUTAINITBATIZH ANOVA AATIHNUABITIAY

Source of Variation | Sum of Squares | Degree of freedom | Mean Square E

% Cold Work 591.5917225 1 591.5917225 | 4.360894

Tempurature 15850.46503 3 5283.488345 | 38.94702

Interraction 719.8984017 3 239.9661339 | 1.768901
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Source of Variation | Sum of Squares | Degree of freedom | Mean Square fo
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Heat Treating Specialties
1. ANNEALING (300 - 2250°F)

The purpose for this treatment is to remove stresses or soften the material for improved

mach inability or formability, alter the physical or mechanical properties or produce a defined
structure.
2. Process Anneal: (500 - 1400°F)
Low temperature anneal typically used for material (ferrous or nonferrous) that is going
to be reworked via cold rolling or drawing. This type of anneal is also applied to material to

improve formability for forming/bending operations with reduced risk of distortion associated

with intercritical or full annealing.
3. Subecritical Anneal: (500 - 1400°F)

Annealing process conducted at a temperature below the lower critical for ferrous
material and below the full anneal temperature for nonferrous materials. Also referred to as
“process annealing”. This anneal is used to restore ductility to the material for subsequent cold-
working/forming operations.

4. Intercritical Anneal: (1335 - 1600°F)

Annealing process typically applied to ferrous material heated to and held at a

temperature between the upper and lower critical temperatures for ferrous materials.
5. Intermediate Anneal: (500 - 1400°F)

Annecaling process conducted at a temperature below the lower critical for ferrous
material and below the full anneal temperature for nonferrous materials. Also referred to as
“orocess annealing”.

This anneal is used to restore ductility to the material between cold-working or hot-working
operations.

6. Recovery Anneal: (300 - 1000°F)

Annealing process typically applied to cold-worked material to Temperatures used are
below those required for recrystallization or new grain formation.
7. Recrystallization Anneal: (330 - 1450°F)
Annealing process typically applied to cold-worked metal to produce a new grain

structure without going through a phase change in the case of ferrous materials.
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8. Isothermal Anneal; (1300 - 1650°F)

Annealing process for ferrous materials partially of fully austenitize followed by slow

cooling to below the lower critical temperature and held for transformation to a soft, coarse

peatlite (aggregate of ferrite and iron carbide).
9. Spheroidize Anneal: (1200 - 1400°F)
Annealing process for ferrous materials (medium to high carbon, low alloy steel} fo
produce a structure of globular catbides in a femritic matrix for improved formability and
machining.

10. Full Anneal: (650 - 1650°F)

_ Aﬁnealing process f-o“r.ferroﬁsma;xgi ;onfe;;ous matéﬁﬁls for pré&ucg the s.oi.’.teét,_stres-é-.f_i:ee
structure for improved mach inability, cold-workability, mechanical or elecirical properties, and
dimensional stability. For ferrous materials, heat to above the upper critical transformation
temperature and hold to obtain full austenitization, and slow cool to ambient temperature, For
nonferrous materials, heat at the specified alloy anneal temperature, hold for a specified time, and
furnace cool to ambient temperature.

11. Solution Anneal: (900 - 2250°F)

Annealing process for ferrous and nonferrous materials to produce a solid solution of
alloy elements for age-hardening or precipitation-hardening, or improved machining, forrability,
andfor corrosion resistance. This process is comprised of heating to a specified temperature,
holding for a specified time, and cooling rapidly to ambient temperature. This process is typically
the precursor o an age-hardening operation for precipitation - hardenable alloys.

12, TEMPERING (350°F - 1250°F)

This treatment follows a quenching or air cooling operation. Tempering is generally
considered effective in relieving stresses induced by quenching in addition to lowering hardness
to within a specified range, or meeting certain mechanical property requirements.

13. NORMALIZING (1600 - 1800°F)

Nommalizing is generally applied to ferrous materials to enhance the mechanical

properties of the material by refining the microstructure. This treatment will in some instances

improve mach inability and machine finish. This treatment is sometimes used as precursor to
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subsequent surface hardening to improve response to hardening, or to provide desirable base

substrate hardness.

14, HARDENING (2250°F max)
Hardening via water-quench, oil-quench, forced- or still-air quench, or aging results in
improved mechanical properties, hardness, and toughness of the alloy material.
15. Age Hardening (300 - 1400°F):
This process is applied to age-hardenable, or precipitation - hardenable ferrous and
nonferrous alloys for improved strength, hardness, and toughness with reduced risk of distortion.
- 16.-QUENCHING (2250°F-max)- - - — - ™ e -
Quenching is an integral part of hardening via water-quench, oil-quench, forced- or still-

air quench, solution anneal and age, resulting in improved mechanical properties, hardness, and

toughness of the alloy material,

e hﬁp:ﬂm.riheattreating!com/heat-treating—specialties.html 03/05/10
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Mechanical Testing of Steel Products’

This ctacdard is tsroed wndey the fired designation A YN, the mambct immciscly follwing the doignation indicars the year of
arigiaal adoption ar, in the case of revisicn, the year of last revisioa. A worebey In parentfieses indicaies the year of Last reapproval. &
superscpt cpsion {¢) indicsies aa ofitoral clange tinot the st revision or reapproval.

Thir srandond has been approved for use by ogencies of the Deparvaent of Difemse. -

. 1. Scope

11 These test methods® cover and definitions
* for the mechanical testing of wrought and cast steel products.
The various mechanical tests herein described are used to
* determine properties required in the product specifications.

Variations in testing melhods are (o be avoided and standard”

methods of testing are to be followed to obtain reproducible
and comparable results. In those cases where the testing
requirements for certain producls are unique or at variance with
these general procedutes, the product specification testing
requirements shall control. '

1.2 The fallowing mechanical lests are described:

Sectons

Tentsion . 501
Band t4
fardnass 15
Brinel - 16
Rockwel 17
Porlzble 18

Impaci 13028
Keywords 23

13 Annexes covering details peculiar 10 certain products
ue appended (o these test methods as follows:
’ - F Annex

Round Wire Products \

Sigritianca of Nolched-£ar impact Testiog

Convesfing Pementage Elongation of Aound Specimens o
Equivatents 41 Flat Spedimens

TesBing Mot Wire Stracd

Fouing of Test Data

Methods for Testhg Steed Reinforcing Bars

Proceding ko Lise and Control of Heal-Cyeia Simdalion

1.4 The values stated in inch-pound units are (o be regarded
2 (he stapdard.

1.5 When this document is referenced in a melric product
Specification, the yield and tensile valucs may be determined in
inch-pound (ksi) units then converted into SI (MPa) units. The

o e R -

-

———————

"These test methods and definifions e under the jurisdicdion of ASTH
Commiciee A-1 on Siel, Suinfest Steel and Reliod Allays and arc the dicect
"ponibifisy of Subcominitice ADL'L3 on Mochasical snd Chemical Testing and
Mrocessing Methods of Steel Prodcts ind Processes.

Curren edition apgroved Jan. 10 end March 10, 1957, Publistcd Noverber
1992, Ociginally publishéd 2 A 390 - 53 T. Last prewiows cdition A 370 - 56,

? For ASHE Boiler and Pressure Vessel Code spplications soe relaied Spocifc
oo SA-¥70 in Section Tt of that Code.

Coprmont © ASTM, 100 Bary Harbaor Drive, Wast Conshicbochan, P4 19782560 Unked St

elongation determined in inch-pound gage kengths of 2 or 8 in.
may be reported in ST unit gage lengths of 50 or 200 mim,
respectively, as applicable. Conversely, when this document is
referenced in an inch-pound product specification,. the yield
and tensile values may be detenmined in ST units then con-

verted into inch-pound units-The elongation determined in SI -

unit gage lengths of 50 or 200 mm may.be repoited in
inch-pound gage lengths of 2 or 8 in., respectively, as 2ppli-
cable. s

1.6 Auentior is directed to Practices A 880 and E 1595
when these may be a need for informdtion on critena for
evaluation of testing laboratories. -

1.7 This standard does nor purport to address all of the
safety concems, if any, associated with its use. It is the
responsibility of the user of this standard to esiablish appro-
pitate safety and health practices and determine the applica-
bility of regulatory limitations prior to wse.

1. Referenced Dacuments

2.1 ASTM Standards:

A TOYA T03M Specification for Stee! Castings, General
Requirements, for Pressure-Containing Parts®

A TRIIATBIM Specification for Castings, Steel and Alloy,
Cominon Requisements, for General Industrial Use?

A 833 Practice for Indentation Hardness of Metallic Mate-
rials by Comparison Hardness Testers*

A 880 Practice for Criteria for Use in Evaluation of Testing
Laboratories and Organizations for Examination and In-
spection of Steel, Stainless Steel, and Related Alloys®

E4 Praclices for Force Verification of Testing Machines®

E 6 Terminology Relating 10 Methods of Mechanical Test-
ing®

E 8 Test Methods for Tension Testing of Metallic Matcrials®

E 8M Test Mcthods for Tension Testing of Metallic Mate-
rials (Metric]®

E 10 Test Mcthod for Brinell Hardness of Mctallic Materi-
als® :

E I8 Test Mcthods fer Rockwell Hardness and Rockwell
Superficial Hardness of Metallic Materials®

? Anaual Book of ASTM Srandards, Yol 0102,
* Asrpend Book of ASTM Standards, Vol 01.05.
% Aol Book of ASTM Ssandandt, Vol 0103,
* Annual Book of ASTM Siandards, Vol 03.01.
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ED Test Methods for Notched Bar Impact Testing of
Metallic Materials®
E29 Practice for Using Significant Digits in Test Datz to

-4
angles 10 the direction of the greatest extension of the siee)
during rolling or forging. The stress applied to a transverge
Lension test specimen is at tight angles to the greatest extea.

Determine Conformance with Specifications’

E$3 Practice for Verification and Classification of Exten-
somelel‘sﬁ

£ 110" Test Method for Indentation Hardness of Metallic

* Materials by Portable Hardness Testers®

E 190 Method for Guided Bend Test for Ductility of Welds®

E208 Test Method for Conducting Drop-Weight Test to
Determine Nil-Ductility Transition Temperature of Ferritic
Steels®

E 790 Test Method for Semi-Guided Bend Test for Ductilily
of Metallic Materials® ’

E 1595 Practice for Evaluating the Perfommance of Me-

-~ -chanical Testing Laboratories® el

922 Other Document:

ASME Boiler and Pressure Vessel Code, Section VIII,
Division 1, Pant UG-84*

3. General Precautions

3.1 Certain methods of fabrication such as bending, form-
ing, and welding, of operations involving beating, may affect
the properties of the material under test, Therefore, the product
specifications cover the stage of manufacture at which me-
chanical testing is to be pecformed. The properties shown by
testing prior to fabrication may nof necessarily be representa-
tive'of the product after it has been completely fabricated.

3.2 Tmproper machining or preparation of test specimens
may give emoncous results. Care should be exercised to assure
good workmanshiip in machining. Improperly machined speci-
mens should be discarded and other specimnens substituted.

3.3 Flaws in the specimen may also afiect results. If any test
specimen develops flaws, the retest proviston of the applicable
product specification shall govern.

3.4 1 any lest specimen fails because of mechanical reasons

such as failure of testing equipment or improper specimen
 preparation, it may be discarded and another specimen laken.

4. Orientation of Test Specimens

4.1 The terms “longitudinal test” and “transverse test” are
used only in material specifications for wrought products and
are nol applicable to castings. When such reference is made to
atest coupon or test specimen, the following definitions apply:

4.L.1 Longitudinal Test, unless specifically defined other-
wise, signifies that lhe lengthwise axis of the specimen is
parallel to the direction of the greatest extenston of the steel

_ during rolling or forging. The steess applied to a longiludinal
tension lest specimen is in the direction of the greatest
extension, and the axis of the [old of a longitudinal bend test
specimen is at right angles to the direction of greatest exicnsion

" (Fig. 1, Fig. 2(a), and 2(b)).

4.1.2 Transverse Test, unless specifically defined otherwise,
signifies that the lcngi,‘hwisc axis of the specimen is at right

" Annual Book of ASTM Stgndards, Vol 14.02.
* Available from Ametican Socicty of Mcchanics] Engineers, 345 E ATth Strec,
New York, NY 10017,
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sion, and the axis of the fotd of 2 Transverse bend 1651 Specinen
is parallel to the greatest extension {Fig. 1). .
4.2 The ferms “radial test” and “1angential test” are used in’

_ material specifications for some wrought circular products and

are not applicable to castiags. When such reference is made 1o
a test coupon or test specimen, the following definitiens apply:

421 Radial Test, unless specifically defined otherwise,
significs that the lenpthwise axis of the specimen is perpen-
dicular to the axis of the product and coincident with one of the
radii of a cirele drawn with a point on the axis of the product
as a center (Fig. 2(a)). . -

4.2.2 Tangential Test, unless specifically defined otherwise,

significs that the lenglhwise axis of the specimen.is.perpesn_ - .

dicular to a plane conlaining the axis of the product and tangeat
10 a circle drawn with a point on the axis of the product as a
cenler (Fig. 2(a), Z{ b), 2(c), and 2(d)).

TENSION TEST

5. Description

5.1 The tension test refated to the mechanical testing of steel
products subjects a machined or full-section specimen of the
material under examination to a measured. load- sufficient &
cause rupture. The resulting properties sought are defined in
Terminology E6.

*5.2 Tn general the testing cquipment and methods are given
in Test Methods E 8, However, there are ceriain exceptions @
Test Methods B 8 practices in the testing of steel, and these are
covered in these test methods,

6. Terminology

6.1 For defimitions of tetms pertaining to tension testing,
including tensile strength, yield point, yield steength, elonga-
tion, and reduction of area, reference should be made to
Terminology £ 6.

7. Tesling Apparatus and Operalions

1.1 Loading Systems— There arc two general types of
loading systems, mochanical (screw power) and hydraulic.
These diffier chiefly in the vasiability of the rate of load
application. The oldcr screw power machines are limited (o 2
small number of fixed free running crosshead speeds. Some
modemn screw power machines, and all hydraulic machines
permit stepless variation throughout the range of speeds.

7.2 The tension testing machine shall be maintained in good
operating condition, used only in the proper loading range, and
calibrated periodically in accordance with the fatest revision of
Practices E4.

Note 1—Many machines are oquipped with steess-strain recorders for
awographic plotiing of stress-strin curves, It should be noted that soe
recorders have » load measuring component entirely scparate from the
Toad indicator of the testing maching, Such recorders are catibrated
sepanalely,

7.3 Loading—It is the function of the-gripping or holding
deviee of the wsting machine 1o transmit the load from the
heads of the machine 10 the specimen under test. The essential
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requirement s that the Toad shall be transmitied axially, This
mﬁsﬂl&!tﬁcccnté!soflhcacﬁonofmcgﬁpsshllbcin
shignment, insofar as practicable, with the axis of the specimen
o the beginning and during the test, and that bending or

tension testing is usuzally provided by allowing extensions or
prolongations on one or both ends of the forpings, eitheronall
or a represcnlative number as provided by the applicable
product specifications. Test specimens are nommally taken at
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(wisting be held to a minimum. For specimens with a reduced
-gection, gApping of the specimen shall be restricted to the grip
soction. In the case of certain soctions tested "in full size,
gonaxial loading is unavoidable and in such cases shall be
issible.
7.4 Speed of Testing— The speed of testing shall not be
er than that at which Joad and strain readings can be made
socurately. In production testing, speed of testing is commonly
apeessed (1) in terms of frec nunning crosshead speed (rute of
wovement of the crasshead of the testing machine when oot
ander load), or (2) in terms of rete of separation of the two
heads of the testing machine under load, or (3) in terms of ate
of stressing the specimen, or {4) in tetms of rate of siraining the

specimen, ‘The following limitations on the speed of testing are i

__rcommended as adequate for most steel products:

More 2—Tenzion tests using closedJoop machines (wih feedback
cootrol of rate) should not be performed using load costrol, s this mode
of testing will result in accel of the crosshead upoa yicKing and
devation of the measured yield strength. ’

74.1 Any convenicnt speed of testing may be used up (o
one hall the specified yicld point or yield stréngth, When this
pain) is reached, the frec-nunning rale of separation of the
trossheads shall be adjusted so as not to exceed Vis in. per min
petinch of reduced section, or the distance between the grips
for 1est specimens ot having reduced sections, This speed
thall bie maintained (hrough the yield point or yicld strength. In
delermining the tensile strength, the frec-unning rate of
separation of the heads shall not exceed ¥4 in. per min per inch

of reduced section, or the distance berween the grips for test

specimens not having reduced sections. In any event, the
minimum spoed of lesting shall not be less than Vie the
tpecified maximum rates for detenmining yield point or yield
srength and tensile sirength, )

74.2 1 shall be permissible to set the speed of the lesting
machine by adjusting the fiee running crosshead speed to the
above specified values, inasmuch as the rate of separation of
beads under load at these machine sellings is Tesc than the
tpecfied values of (ree running crosshead speed.

743 As an altemmative, if the machine is equipped with a
device 10 indicate the rale of loading, the speed of the machine
Trom half the specificd yield point or yield strength through the
Tield point or yicld sirength may be adjusted so that the rate of
Hressing docs not exceed 100,000 psi (690 MPaymin. How-

© Bver, the minimum sate of stressing shall not be less than
10000 psi (70 MPa¥min.
L Test Specimen Parametecs

8.1 Selection—Test coupons shalt be selected in accordance
*ith the applicable product specifications.

L1 Wrought Steelg-L. Wrought steel products are usually
ed in the longitudinal-direction, but in some cases, where
2% permits and the service justifies it, testing is in the
z)""nsvmc. radial, or ngéntial directions (se¢ Fig. | and Fig.

812 Forped Sicels— Forl'opcn dic forgings. the meta) for

mid-radius. Certain product specifications pemit the use of 2
represeatative bar oc the destruction of a production part for
test purposes. For ring or disiclike forgings test metal is
provided by increating the diameter, thickness, of length of the
forging. Upset disk or ring forgings, which are worked or
extendod by forging In a divcction perpendicular to the axis of
the forging, uswally have their principal exténsion along
concentric circles and for such forgings langential tension
specimens arc obtained from extra metal on the periphery or
end of the forging. For some forgings, such as rotors, radial
tension tests are required. Tn sich eases the specimens are cut
of trepanned from specified locations.

B.13 Cast Steels— Test coupons for castings from which
{ension test specimens are prepared shall be in accordance with

.the requirements of Specifications A 763/A 703M or A78Y

A T8IM, as applicable. .

8.2 Size and Tolerances—Test specimens shall be the full
thickness or section of material ag-rolied, or may be machined
10 the form and ditmensions shown in Figs. 3-6, inclusive. The
selection of size and type-of specimen is prescribed by he
applicable product specification. Full section specimens shall
be tested In B-in. (200-mm) page length unless otherwise
specified in the product specification.

B3 Procurement of Test Specimens—Specimens shall be

sheared, blanked, sawed, trepanned, or oxygen-cut fromepor-

tions of the malerdal. They are usually machined 5o as to have
a reduced cross section at mid-length in order to obtain waiform
distribution of the stress over the cross scction and to localize
the zone of fracture. When test coupons are sheared, blanked,

sawed, or oxygen-cut, care shall be taken to remiove by - .

machining all distosted, .cold-warked, oc heat-affected areas
from the edges of the seclion used in ¢valuating the test
. 8.4 Aping of Test Specimens—Unless otherwise specified, it
shall be permissible to. age tension test specimens. The time-
temperature cycle employed must be such that the effects of
ptevious processing will not be materially changed. It may be
accomplished by aging at room temperature 24 to 48 b, or in
shorter time at moderately elevated temperatuges by boiling in
walter, heating in oil or in an oven. )

8.5 Measurement of Dimensions of Test Specimens:

8.5.1 Standard Rectangular Tension Test Specimens—These

forms of specimens are shown in Fig. 3. To determine the'

cross-sectional area, the center width dimension shall be
measured to the nearest 0.005 in. (0.13 mm) for the 8-in.
{200-mm) gage length specimen and 0.001 in. (0.025 mm) for
the 2-in, {50-mm) gage length specimen in Fig. 3. The cenler
thickness dimension shall be measured to the nearest 0.001 in.
for both specimens.

8.5.2 Standard Round Tension Test Specimens—Thesc

forms of specimens are shown in Fig. 4 snd Fig. 5. To
determine the cross-sectional arca, the diameter shall be
measured at the center of the gage length fo the ncarest 0.001
in. (0.025 mm). (See Table L.) i

8.6 General—Test specimens shall be either substantially



@ a 370

Efull size or machined, as prescribed in the product specifica-

! ing tested.

ape matks may be used, intermediate marks within the
leogth being optional. Rectangular 2-in. gage kength spec
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3.6.1 Impmpcrlyprepamdlestspccumoﬂmauscunsal
isfactory test results Tt is lmportan(. therefore, that care be

_exercised in the preparation of specimens, particulary in the
- machining, to assure good workmanship.

8.6.2 Tt is desirable to have the cross-sectional area of the
specimen smallest at the center of the gage lengih W ensure
fracture within the gage length. This is provided for by the
taper in the gage length penmitted for each of the specimens
described in the following sections.

8.63 For brittle materials it is desirable to bavc fillets of
lasge sadivs 2t the ends of the gage length.

9. Plate-Type Specimen

9.1 The standard plate-type test specimen is shown in Fig. 3.
This specimen is used for testing metallic materials in the form
of plate, structural and bar-size shapes, and flat material having
a nominal thickness of ¥ie in. (5 mm) or over. When product
specifications so permil, other typss of specimens may he used.

HMote 3—When called for in the product specification, the B-in, gage
leogth specimen of Fig. 3 may be used for shect and sirip material.

10. Sheci-'lype Specimen

10.1 The standard sheet-type test specimen is shown in Fig.
3. This specimen is used for testing metallic materials in the
form of sheet, platc, flat wire, strip, band, and hoop ranging in
rominal thickness from 0.005 1o ¥iin, (0.13 to 19 mm). When
produet specifications so permit, other types of specimens may
be used, as provided in Section ¢ (see Note 3).

11, Round Specimens

31.1 The standard. 0.500-in. (12.5-mm) diameter round test
specimen shown in Fig. 4 is used quite gencnlly for testing
metallic materials, both cast and wrought

'11.2 Fig. 4 also shows small size specimens proponional 10

the standard specimen. These may bensed when it is necessary
1o test material from which the standard specimen of specimens
shown in Fig. 3 cannot be prepared. Other sizes of small round
specimens may be used. In any such small size specimen itis
irmportant that the gage lenglh for measurement of clongation
be four times the diameter of the specimen (sec Noie 4, Fig. 4).
11.2 The shape of the ends of (he specimens outside of the

. gage icﬁglh shall be suitable to the mategial and of a shape o

fit the holders or grips of the testing machine so that the loads
are applied axially. Fig. 5 shows specimens with various types
of ends that have given satisfactory results.

« 12. Gage'Marks

12.1 The specimens shown in Figs. 3-6 shall be gage
marked with a center punch, scribe marks, multiple device, or
drawn with ink. The purposc of these gage marks is to
determine the percent clongation. Punch marks shall be light,
sharp, and :ccumcly spaccd The localization of siress at the
marks makes g hard specimen susceptible to su.mng fracture al
the punch marks. The gage marks for measuring clongation
affter fracture s}nall be made on the flat or on the edge of the flat
tension test specimen and within the parallel section; for the
B-in. gage length specimen, Fig. 3. one or more seis of 8-in.

mens, Fig. 3, and round speciroens, Fig. 4, are page marky
with a double-pointed center punch or scribe marks. One .
mote sets of gage marks may be used, however, ane set my
be approximately centered in the reduced section. These san,

pcacauuonss!nﬂbcobsewodwhcnthcmtspmmmsﬁl
section.

i
13, Determination. of Tensile Properties :
13.1 Yield Point—Yield point is the first stress in a mateqiz

less than the maximum obtainable stress, st which an increas.

in strain gccurs without an increasé in stress.. Yield point .
intended for application only for materials that may exhibit ¢
unigue characteristic of showing an increase in strain wither

- an increase in stress. The siress-strain diagram is ¢characterize

by a sharp knee ar discontinuity. Determine yicld point by o
of the following methods:
13.1.1 Drop of the Beam or Halt of the Pointer Method—

" this method apply an increasing lozd to the specimen at

uniform rate. When a lever and poise machine isusod; koep - - -

beam in balance by mmning oul the poise at approximately
sleady rate. When the yield poiat of the mategial is reached, t
increase of the load will stop, bul run the poise a trifle beyo:
the balance position, and the beam of the machine will drop b
a brief but appreciable intecval of time. When a machic

cquipped with a Tosd-indicaling dial is vsed ibere is a halt« ~

hesitation of the load-indicating pointer coresponding o
diop of the beam. Mote the lozd at the “drop of the beam” -
the “halt of the pointer” and record the corresponding siress -
the yield point.

13.1.2 Autographic Dmgmm Method—When a shar - -

kneed siress-strain diagram is obtained by an autograph
recording device, lake the stress corresponding to the topof u

knee (Fig. 7), or the stress at which the curve drops as the yic .

point. . .

13.1.3 Tota! Extension Under Load Method—When testi
material for yield point and the test specimens may Tot exhic
a well-defined disproportionate deformation that characteriv
a yield point as measuced by the drop of the beam, haltof
pointer, or autographic diagram mejhods described in 13.:
and 13.1.2, a value equivalent to tie yicld point in its pract
significance may be detcrmined by the following method 2
may be recorded as yield point: Auach a Class C or bel
extensomeler (Note 4 and Note 5) to the specimen. When
load producing a specificd extension (Note 6} is reached recc
the stress cormespanding 1o the load as the yield point (Fig.

Note 4—Automatic devices are available that determine the led o
specified 1tal extension without plotting a stress-strain cunve by
devices may be used if their accuracy has been demonstrated. Mulnply
calipers and other such devices are soceptable for use provided I
acturacy has been demonsirated as equivalent (o a Class C extensome:

Note 5—Refesence shoutd be made ta Practice E 33,

Nore 6—For steel with a yicld point specified ot over 80 000 psi !
MPa), an appropriate valuc is 0.005 infin. of gage fength. For val
ahove 80000 psi, thit method is not valid unkess the limiting *
extension is increased.

More 7—The shape of the initial portion of an autographically Je
mined stress-sirain {or a Yoad-clongalion) curve may be influenced
numerous [actors such as the scatiog of the specimen in the gnps.
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132 Yield Strength-—Yield strength is the stress at which a
‘paterial exhibits a specified limiting deviation from the peo-
puﬁouaﬁtyo[mmsuain.mdeviaﬁouisexpmsod in
germs of strain, percent offset, total extension under load, etc.
Determine yicld strength by one of the following methods:

13.2.1 Offset Method— To determine the yield sumglh by
the “offset method,” it is necessary to secure datn (sutopraphic
o nuoxrical) from which a stress-strain diagram may be
drawn. Then on the stress-strain diagram (Fig. 9) lay off Om
oqual 1o the specified valuc of the offser, draw mn parallcl to

-aA.mdLhmlocatcr.mcmtemonot'nmwuh&bc
shess-strain_ curve comesponding to load R which is the
yield-strength load. In recording values of yicld streagth

obtained by this method, Lhe value of off sct specified or used, "

o both, shall be stated in parentheses afler the term ield
strength, for example:

Yield strength (0.2 % offset) = 52000 psi (360 &Fa) [4)]

" When the offset is 0.2 %. or larger, the extensomeler used
shall qualify as a Class B2 device over a strain range of 0.05 to
1.0%, If a smaller offsel is specified, it may be necessary 10
specify a more accurate device (that is, a Class Bl device) or
xduce the lower limit of the strain range (for example, fo
201 %) or both. See 2lso Note 8 for automatic devices.
1322 Extension Under Load Method—For lests lo deter-
nine the acceptance or rejection of material whose siress-strain
haractecistics are well knovwn from previous tests of similar
naterial in which stress-strain diagrams were plotted, the total
train corresponding to the stress at which the specified offset
sz Note 8 and Note 9) occurs will be known within
stisTactory limits, The stress on the specimen, when this total
train is reached, is the value of the yield strength. Inrecording
alues of yield strength obtained by this method, the value of
exiension™ -specificd or used, or both, shall be stated in
arentheses after the 1erm yicld strength, for example:

Yield swength (0.5 % EUL) = 52 000 psi (360 MFPa) {2)

The totdl strain can be obtained satisfactorily by use of a
lass Bl extensometer {(Note 4, Note 5, and Note 7).

Note B—Automalic devices are available that determine offset yicld
tenglh withowt plolting 3 stress-stain curve, Such devices may be used
their accuracy has been demonsimated.
Nate 9—The'appropciste magnitade of the extension under load will
- nigusly vary with the sirength range of the particular steel under test. In
nera), the value of extension under load applicable o stoet at any
xogth level may be determined from the sum of the proportiona] strain
d the plastic 3train cxpecied st the specified yield strength, The
Hawing cquatiba Is used:
Extcnsiéri’{x:\dcr fosd, infin.of gage length = (Y¥E) + +  {3)
there: Y
§ = specifitd fyicld suength, psi or MPa,
) modulus of elasticity, pst or MPa, and
limiting plastic strain, infin.
133 Tensile Strength— Calculate the tensile strength by
fiding the maximum k.;ad the specimen sustains during a

W
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13.4 Elongation:

134.1 Fit the ends of the fractured specimen together
carcfully and measure the distance between the gage marks to
the nearest 0.01 in. (0.25 mm) for gage kengths of 2 in. and
under, and to the pearest 0.5 % of the gage length for gage
fengths over 2 in, A percentage scale reading to 0.5 % of the
page length may be used.-The clongation is the increase in
length of the gage length, expressed as a percentage of the
original gage length: lnrwordmge!ongauonvaluﬁ,gweboth
the percentage increase and the original gase leagth

1342 If any part of the fracture takes place gutside of the
middle half of the gage length of in a punched or scribed mark

pol be representative of .the material. If the élongation so
measured meels (he minimum requirements specified, no
further testing is indicated, but if the elongation is less than the
minimum requirements, discard the test and retest,

13.5 Reduction of Area—Fil the ends of the fractured
specimen together and measuge the mean diameles or the width
and thickness at the smatlest qross scetion to the same accuracy
as (he original dimensions. The differcnce between the area
thus found and the area of the original cross section-expressed
as a percentage of the original area, is the reduction of area,

BEND TEST

14. Descriplion

14.1 The bend test is one method for evaluating ductility,
but it cannot be considered as a quantitative means of predict-
ing service performance in bending operations. The severity of
the bend est is primanly a funclion of the angle of bend and
inside diameter 1o which the specimen is beat, and of the cross
section of the specimen. These conditions are varied according
10 location and oticriation of the test specimen and the
chemical composition, lensile properties, hardness, type, and
quality of the sieel specified. Mcthod E 190 and Test Method
E 290 may be consulted for methods of -performing the test.

.-within the reduced section, the elonpation valuc obtained may_ . _

142 Unless otherwise specified, it shall be permissible to _ -

ape bend test specimens. The time-temperature cycle employed
must be such that the effects of previous processing will not be
malerially changed. Il may be accomplished by aging at room
temperature 24 10 48 h, or in shorter time al moderalely

clevated temperatures by boiling in water, heating in oil, erin -

an oven.

143 Bend the test specimen al room temperature (0 an
inside diameter, as desipnated by the applicable product
specifications, to the extent specified witlrout major cracking
on Ihe outside of Lhe bent portion. The spoed of bending is
ordinzrily not an important factor.

HARDNESS TEST
15. General

15.1 Ahardness test is 2 means of detenmining resistance to
penctration and is occasionally employed to oblain a quick
approximation of tensile strength. Table 2, Table 3. Table 4,
and Table 5 ate for the conversion of hardness measurements
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from one scale to another or to approxinale tensile streagth.
. These conversion values havcbecnoblamedﬁumcompma-

verted handness valees must be considered approximate, how-
ever, all converted Rockwell hardness numbers shall be
mrﬂdlomcnmﬁmlenmuba.

152 Havdness Testing: _

152.1 1i the product specification permits altemative hard-
iess lesting lo determine conforwmance to a specified handness

- requirement, the conversione listed in Table 2, Table 3, Table 4,
and Table 5 shall be vsed.”

1522 Whea recording coaverted hardness numbers, the
mcasred hardness and test scale shall be indicated in parea-
theses, for éxample: 353 HB' (38 HRC). This means that a
hardness value of 38 was obtained using the Rockowell C scale
and converted to a Brinell handness of 353,

16. Brinell Test

16.1 Deseription:

16.1.1 A specified Ioad;sapphcdloaﬂalsmfaocoflhc
specimen to be tested, mmghahmwofmﬁd¢Mu
The average diameter of the indeatation is used as a basis for
caleulation of the Brinell hardness number, The quotient of the
apphodloaddmdcdbylhcmofd]eaufaocofﬂ\c
indentation, which is assumed to be spherical, is termed the
Brinell hardness number (HB} in accordance with the lollow-
ing equation:  °

HE= m[{.um(o -\/D‘-—d‘)] [0

where:

HB = Brnell hardness numbcr

P = applied load, kpf, ~ :

D = diameter of the siecl ball,mim, and _ B
d = average diameler of the indentation, mm.

Note 10—The Brinell hardness nurmber is more conveneatly socured
{rom standard tables such 25 Table 6 which show numbers comespoading
0 the various indentation diameters, usually in incremeats of 0.05 nira.

pumnammtc reptoducnonof lhose curves. Smoe all con-

Nore 1l—n Test Method E10, the valucs ace stated in SI vop
wherezs in this seetion, kg/m units are vsed.

[Hest-using-a-10-mm-ball-emy
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ploys aSﬂm-kgflo:d for hard materials and a 1500 or 500-kg,
load for thin socumsursoftmama]s(sceﬁumnxon Stee!
Tubular Products). Other loads and different size indentors may
bcnwdwhmspmﬁed.hmdinghardmva]ues.lht
diameter of the ball and the load must be stated except whea
10-mm ball and 3000-kgf load are used.

16.1.3 ‘A range of bardness can properly be specified ol
for quenched and tempered or normalized and tempered
material. For annealed material 2 maximum figure only shools
be specified. For normalized material a minimum or a max-

— mum hardness may be specified by. agreement.. In.general, to-

hardness tequirements shovld be applied to untreated material,

16.1.4. Brinell hardoess may be required wiven tensite prop-
erties are not specified.

16.2 Apparatus—Equipment shall meet the following re-
quirements:

1621 Tessing Machine— A Brinell hardness testing ma-
chine is acceplable for use aver a Joading range within which

<its load measuring device is accurate to *1 %.-
162.2 Measuring Microscope—The divisions of the mi-

ceometes seale of the microscope or ofher measering deviees”

used for the measurement of the diameter of the indenfations
shall be such as to permit the direct measurement of the

- diameter to 0.1 mm and the estimation of the diameter to 0.05

mm.

Note 12—This requircment applies to the consructon of the micro-
scopconlyandisnotauquimmfurmasmtmemofmeindcnuﬁén.
e 1643,

1623 Standard Ball-— The standard ball for Brinell hard

ness testing is 10 mm {03937 in.) in diameter with 4 deviation

from this value of not more than 0.005 mm (0.0004 in.) in any,

diameter.-A ball suitable for use must not show a permanent
change in diameter greater than 0.01 mm (Q.0004 in.) whea
piessed with a force of 3000 kgf against the test specimen.
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16.3 Test Specimen— Brinell hardness tests are made on
F'P""d areas and sufficient metal must be removed from the
soiface 10 climinate decarburized metal and other surface

the heavier loads. The superficial hardness scales are as
foltows:

113

jregutanitics. The thickness of the piece tested must be such
that no bulpe or other marking showing the effect of the load
on the side of the plece opposite the indentarion,

164 Procedure:

16.4.1 Tt is essential that the applicable product specifica-
gons state clearly the position at which Brinell hardness
mdenuuons are to be made and the number of such indenta-

tons required. The distance of the center of Gie indentation
from the edpe of the specimen or edge of another indentation
must be at least two and one-half times the diameter of the
indeptation.
164.2 Apply the load for 2 minimum of 15 s.
16.43 Measure fwo diameters of the mdcnr.auon al right

angles to the nearest 0.F mm, estimale to the nearest 0.03 mm,

and average o the nearest 0.05 mm. If the two diameters diller
by more than 0.1 mm, discard the readings and makc 2 new
indentation.

16.4.4 Do not usc a steel ball on steels having a hardness
over 450 HB nor acarbide ball on steels having a hardness over
650 HB. The Brinell hardness test is nol cecommended for
materials having a hardness over 650 HB.

16.4.4.1 TIfaballis used in a test of a specimen which shows

ra Brinetl hasdness number greater than the limit for the ball as
&lailed in 1644, (e ball shall be either discarded and
replaced with a new ball or remeasured to ensure conformance
with the reguirements of Test Methed E 10.

16.5 Detailed Procedire—For detailed requizemeeis of this
test, reference shall be made 1o the latest revision of Test
Method E 10. \

17. Rockwell Test

17.1 Description:

17.1.1 In this test a hardness value is obtained by determin-
ing the depth of peneiration of a diamond point or a siecl batl
into the specimen under certain arbitrarily fixed conditions. A
minor load of 10 kgf is first applied which causes an initial
penetration, sets the penetrator on the material and hiolds it in
position. A major Jead which depends on the scale being used
is applied increasing the depih of indentation. The major load
is semoved and, with the miner load still acling, the Rockwell
number, which is proportional to the diflerence in pcncl.mion
between the major and minor loads is detcrmined: this is
Usually done b) the machine and shows on a dial, digiral
display, printer. or other device. This is an artbitrary number
which increases with increasing hardness. The scales most
lrequently used*are as follows:

“ ) Lo Murgr
Symbot  Penewdior Load, Load,
. g kgl
€
B Vﬁ"l’l.ﬁl!t' bal * 100 10
c Do bale 150 10

17.1.2 Rockwell superficial hardacss machines are used for
the testing of very thin stec] of thin surface layers. Loads of 15,
30, or 45 kgf arc applicd on a hardened stecl bal or diamond
peneirator, to cover the same range of hardness values as for

Major NaOT
ST 5, o8,
Symbot Permtrator %ol “hgd
15T Yeod slesl bakt 15 3
0T Yo $les] bat 30 3
AST Yirin. sheed hall 45 3
154 Diarmond braje 15 3
3N Diamond brale 0 3
A5 Diarnond braly 45 3

17.2 Reporting Hardmess—In recording hardness values,
the hardness number shall always precede the scale symbol, for
example: 96 HRB, 40 HRC, 75 HRI5N, or 77 HR30T.

17.3 Test Blocks— Machines shoutd be checked to make
certain (hey are in good order by means of sundanlitod
Rockwell test blocks. )

114 Detailed Procedure—For detailed rcqulmmcnls of th l.h1s

test, reference shall be made to the Jatest vevision of Test
Methods E 18,

18. Porlable Hardness Test

18.1 Although the use of Ihe standard, stationary Brinell or
Rockwell hardness lester is generally prefemed, it is not always
possible 1o perfom the hardress lest using such equipment due
1o Lhe part size or location. In this event, hardness tesling using

portable equipment as deseribed in Practice A 833 or Test
Method E 110 shali be used.

CHARPY IMPACT TESTING
19. Summary

19.1 A Charpy V-netch lmpact test is a dymmlc test in
which a notched specimen is simick and broken by a single
blow in a specially designed testing machine, The measured
test values may be the enerzy absorbed. the percentage shear
fracture, ihe lateral cfp:msron apposite the noich, or a combi-
wnion thereof,

19.2 Testing wmperatwres olher than room (ambieat) tem-
perature aften are speeified in product or general requirement
specifications (bereinalter referred 10 as the specification).
Although the testing temperatuee is somelimes related to the

expeeted service emperature, the two lemperalures need not be
identical.

0. Signiﬁcance and Use

20.1 Buctile vs. Britsfe Behavior—Body-centered-cubic or
ferritic alloys exnibit a significant transition in behavior when
impact tested over a range of wmperalures. At lempefalures
above Iransition, impact specimens fracture by a ductile
{usually microvoid coalescence) mechanism, absorbing rela-
tively targe amounts of encrzy. At lower 1emperatures, they
ltacture in a brile (usvally cleavage) manner absorbing less
cnergy. Within the fransition range, the fraclure will generally
be a mixure of areas of ductile fracture and britiie fracture.

20.2 The temperature range of the transition from one type
of behavior to the other varies according to the material being
tcsted. This transition behavior may be dcﬁncd in various ways
for speciflication purposes.

20:2.1 The specification may requice a minimum test result
for absoibed encrgy, fracture appearance, lateral expansion, or
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-+ a combination thereof, at a specified test lemperature.
20.2.2 ‘The specification may require the determinstion of
-the transilion temperzture at which either the absorbed energy
or fraciure appearance afdins a specified level when testing is
.. peclonmed over a range of temperatures.
* 20.3 Furnther information on the significance of impact
_tesring appears in Annex AS.

22.1.2.2 When the specification calls-for a minimum aver
age test result, three specimens shall be tested.
22.1.2.3 When the specification requires determination ol‘.

transition temperature, cizht (o twelve specimens are usvall
needed.

222 Type and Size:
2221 Use a standard full size Charpy V-notch specime

" 21. Appatatus -

21.1 Testing Machines:

21.1.1 A Charpy impact machine is one in which a notched
specimen is broken by a single blow of a freely swinging
pendulum, The penduluin is released from a fixed heugﬁt. Since
the height to which the pendulum is raised prior to its swing,
and the mass of the pendulum are known, the cncrgy of the

- blow is predetermined, A means is provided to indicate the

“encrgy absorbed in breaking the specimen.

. 21,12 Theother principal feature of the maching is a fixture

' (See Fig. 10) designed to support a test specimen as a simple

_beam at a precise location, The fixtere is aranged so that the
notched face of the specimen is vertical. The pendulum sirikes
the other verrical face direclly opposite the notch. The dimen-

.* sions of the specimen supports and stiking edge shall conform___

. o Fig. 10,

~ 21.1.3 Charpy machines used for testing stecl generally
have capacifies in the 220 to 300 {t1b{ (300 10 400 J) energy

. range. Sometimes machines of l¢sser capacity are used; how-

"ever, the capacity of the machine should be substantially in
excess of the absorbed cnerpy of the specimens (sce Test

Methods E 23). The lincar velocity at the point of impact -~

should be in the tange of 16 10 19 [Us (1.9 10 5.8 w/s).

21.2 Temperature Media:

21.2.1 For testing a other than room temperature, it is
necessary to condition the. Charpy specimens in media at
controlled temperatures,

31.2.2 Low temperature media usually are chilled {Tuids
(such as walter, ice plus walcer, dry ice plus organic solvents, ar
liquid nitrogen) or chilled gases.

21.2.3 Blevared temperawre media are usually heated lig-
uids such as mincral or siliconc oils. Circuluting 2ir ovens may
be used.

21.3 Handling Equipment—Tongs, especially adapted 10 it
U:c notch in the impact specimen. nomuially ace used for
removwing the specimens from the niedium and placing them on
the anvil (refer 10 Test Methods E23). In cases where the
machine fixture does not provide for automatic centering of the
test spekimen. the tongs may be precision machined Lo provide
centering.

22, Sam\:l'mg and Number of Specimens

22.1 Sampling:

22.1.1 {Test location and oriemalion should be addressed by
the specifications. If not, for wrought producis, the test location
shall be the:same as that for the lemsile specimen and the
otientation shall be fongitudinal with the notch perpendicular
to the maj face of the product being tested.

22.1.2 Numiber of Specimens.

22.1.2.1 'AFCharpy impact test consists of all specimens
taken from a single test coupon or test location.
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TType A) s shown 1n Fig. (T, excepl & altowed in 22.2.2

2222 Subsized Specintens,

22.22.1 For At mategial less than %is in. (11 mm) thick, o
when the absorbed encrgy is expected 10 exceed 80 % of ful
scale, use standard subsize test specimens.

22.2.2:2 For tubular materials tested in the transverse direc.
tion, where the relationship between diameter and wall thick:
ness docs not pormit a standard fud! size specimen, use standacd

subsize test specimens or standard size specimens conlaining

outer diameter (OD) curvature as follows:

(1) Standard size sptcimens and subsize specimens ma,

contain the odginal OD sur{ace of the mbular product as shovwr
in Fig. 12. All other dimensions shall comply with th.
requitements of Fig. 11.

Maore 13--Foc matecials with ioughness kevels in excess of about $t

-fi:1bs, specimens containing the originat 0D surface may yield values it
_excess of thase resulting from the use of conventional Chapy specimens

22.223 If astandard full-size specimen cannot be prepared
the largest feasible standard subsize specimen shall be pre-
pared, The specimens shall be machined so (hat the specimes
does not inclade matedal nearer to the surface than 0.020 in

(0.5 mm). .
22.2.24 Tolcrances for standard subsize specinens ar
shown in Fig. . Standard subsize test specimen sizes are

10 % 7.5 mm, 10 X 6.7 nim, 10 X 5 maw. T X33 mom, ane
10 % 2.5 mm.

22225 Notch the narres [ace ol the stnlard sehsiz:

~specimens so e he sotel & papendizutar w the 10 mm wid

face.-

213 Noteh Preparaiion—The machining of the notch i
critical, as it Tas been demonsteated thai exwemely mine
vanations in nokch radiuz and profile. or ool marls a1 1h
bottom of the norch may re-ult in erratic Lest dana. (See Asne

A3).

23. Calibration

23.1 Accuracy and Sensitizity—Calibrate and adjust Chap

impact machines in accordunce with the requiremems of Tex
Mcihods E 23,

24. Conditioning-—Temperature Control

24.1 When a specific test temperatuce is requireed by th
specificalion or purchaser. control the tempr
heating or cooling medium within =2°F (1°C) b
cffect of variations in tempersture on Cliarpy st s
very great.

Nute 14—For somme sr2eis therz may not be 2 ncdd ©
temperature, for example, austenitic sleels.

Nore 15—Because the temperanwe of a testing lahoss-
from 60 to 90°F (15 to 32°C} 3 wist conducted at “ronm
might be conducied at any temperatucc in this tange.

PN T e

ien vane

noerature
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15, Procedure
251 Temperontre:

Hm:muwmmmmmy_hmmo

25435 Since the fracture path seldom bisects the point of
maximum expansion on both sides of a specimen, the sum of
the larper values measured for cach side is the value of the test.
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hem in the medium-al test temperature for at least 5 min in
fiquid media and 30 min in gascous media.

25.12 Prior 10 each test, maintain the tongs for handling test

. imens at the same temperature as the specimen so as not (0
_ affoct the temperature at the riotch.

- 252 Positioning and Breaking Specimens:

252.1 Carcfully center the fest spcumen in the anvil and
releasé the pendulum fo break the specimen,

2522 If (he pendulum it not released within 5 s after
removing the specimen from the conditioning medium, da not
peeak the specimen. Retum the specimen to the conditioning
medium for the period required in 25.1.1.

- 753 Recovering Specimens—In the event that | fracture ap-
pearance or lateral expansion must be determined, recover the
malched plcccs of each bmken specimen before breaking the
next specimen.

354 Individual Test Values:

254.1 Impacs energy— Record the impact energy absorbed
1o the nearest fe1bf (1. -

254.2 Fraciure Appearance:

254.2.1 Determine the percentage of shear [racture area by
any of the lollowing methods:

¢ {1) Measure the length and width of the brittle pomon ol the

fracture surface, as shown in Fig. 13 and determine the percent
shear area from either Table 7 or Table & depending on the units
of measurement. )

(2) Compare the appearance of the [racture of the specimen
with a fracturé appearance chact as shown in Fig. 14,

(3} Magnily the fracture surface and compare il 1o 2
pn:cahbratcd overlay chant or measure the percent shear
lracture area by means of a planimeter.

(4) Photograph the fractured surface at a suitable magnifi-
cation and measure the percent shear fracture area by means ol
a planimeter.

25.4.2.2 Determine the mdlvudual fraciure uppearance val-
ues [0 the nearest 5 % shear ftacture and record the value.

2543 Lateral Expansion:

254.3.] Dhteral expansion is the increasc in specimen
width, measured in thouvsandihs of an inch (mils), o the
€ompression S(dc opposite the notch of the fractured Charpy
V-nofch specimen as shown in Fig. 15,

25.4.3.2 Examine cach specimen hall to ascenain that the
Protrusions hava not been damaged by contacting the anvil,
machine mounting surface, and so fonth. Discard such samples
since they may cause emdneous readings.

254.3.3 Check the sides of the specimens perpendicular lo
the notch 1o cnsgi'c that no buers were formed on the sides
Juring impact testing, 1 bums exist, cemove them carefully by
tubbing on entery loth or similar abrasive sueface, making
iure that the protm;lons being measured arc not ubbed dunng
he removal of the! b

25.4.3.4 Measurz {he amount of cxpansion on each side of
tach hall relative 10 .the plane defined by the undeformed
Yortion of the side of the specimen using a gage similar to that
hown in Fig. 16 and Fig. 17.

Amange the halves of one specimen so that comipression sides

. arc facing each other. Using the gage, measure the protousior

on cach half specimen, ensuring that the same side of the
specimen Is measured. Measure the two broken halves indi-
vidually. Repeat the procedure to measure the protrusions on
the opposite side of the specimen halves. The targer of the two
values for cach side is the expansion of that side of the
specimen.

25.43.6 Mcasure the individual laterat expansion values to
the neagest mil (0.025 mm) and record the values.

26. Interpretation of Test Result
26.I When the acceplance criterion of any impact test. is

- specified-to be a minimum.average value at a given lempera- -

ture, the test result shall be the average (arithmetic mean).of the
individual 1est values of Lthree specimens from one test Joca-
tion.

26.1.1 When a minimum average test result is specified:

26.1.1.1 The test result s acceptable when all of the below
are met:

(1) The 1est zesult equals or. exceeds the specified minimum
average (given in the specification),

{2} The individual tesi value for not more than one specimen

- measures-less than the specificd minimum average, and

{3} The individual test value for any specimen measures not

less than two-thirds of the specified minimum average.

26.1,1.2 1 the acceptance requirements of 26.1.1.1 are not
mel, perfarm one relest of thice additional specimens from the
sanic {esy lecation. Each individual test value of the etested
specimens shall be cqual to or greater than the specified
minimum average value,

26.2 Test Specifving a Minimum Transition Temperajure:,

26.2.1 Defimition of Transition Temperamee—For specifica-
lion purpascs, the wransition lemperature is the lemperature at
which the designated material test value equals & exceeds 2
spectfied minimum test value, ’

20.2.2 Determingiéon of Transition Temperature:

26.2.2.1 Break onc specimea at each of a series of tempera-
wres abuve and below e anticipated transition temperature
using the proceduics i Seciion 25, Recard cach te<t tempera-
re 1o il nearest 1°F (0.5°C).

26.2.22 Plot the individual test tesulls filbf or percent
shear) as the ordinne versus the correspording test lemperature
as the abscissa and construet a besi-Ait curve through the plotied
dara points, '

26,2.2.3 [ 1ransition temperature is specified as the tem-
perature at which a test valuc is achieved, determine the
temperalure at which the plotted curve intersects the specified
test value by graphical interpolation (extrapolation is not
permilied). Record this transition temperature @6 the nearest
5°F (3°C). 1M the tabulated 1cst results clearly indicate a
transition icmperature lower than specified, it is not necessary
1o plot the data. Report the fowest test temperature for which
test value excecds the specified value.

26.2.2.4 Accept the test esult if tie detemmined Lransition
temperature is equal to or Jower than the specified value.
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26225 If the determined transition emperature is higher
than the specificd value, but not more than 20°F (12°C) higher
than the specified value, test sufficient samples in accordance
with Section 25 to plot two additional curves. Accept the Lest

—mlgﬁc temperatures delermined from both additional

21.1.2 Specimen orientation with respect to the materia)
axis.

27.13 Specimen size.

27.1.4 Test temperature and individual test value for each
specimen broken, including initial tesis and refests.
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tests are equal 10 of Jower than the specified value,

26.3. When subsize specimens arc permitted or necessary, or
both, modify the specified test requirement according 10 Table
9 or test temperature according to ASME Boiler and Pressure
Vessel Code, Tohle UG-84.2, or both. Greater energies or lower
test temperatures may be agreed upon by purchaser and
supplier.

27. Records

27.1 The test record should contain the following inform-
tion as appropriate:

27.1.1 Full description of material tested (that is, specifica-
tion number, grade, class or type, size, heat number).

27.1.5 Test results. ]
27.1.6 Transition temperature and eriterion for its determi-
nation, including initial tests and rétests. ’

28. Report

28.1 The specification should desngnalc the information to
be reported.

29. Keywords
29.1 head test; Brine!! hardness; churpy impact test; clon-

gation; FATT (Fracture Appearance Transition Temperature); .

hardness test; portable hardness; reduction of area; Rockwell

ha:dness tcnsnlc s!rcnﬂlh lcnsmn test; ymld sm-.nnlh

ANNEXES

{Mandatory Information}

Al. STEEL BAR PRODUCTS

ALl Scope

Al.L1 This supplement delineates only those details which
ase peculiar to hot-rolled and cold-finished sicel bars and aze
not covered in the general section of these test melhods.

AL2 Orientation of Tesl Specimens

Al1.2.1 Carbon and atloy steel bars and bar-size shapes, duc
to their relatively small cross-sectional dimensiong, are cus-
tomarily tested in the longifudinal direction. In special cases
where size permits and (he fabrication or service of a parn
justifies testing in 2 transvérse direction, the selection and
location of test or lests are a matter of agreement belween (he
manulacturer and the purchaser.

Al3 Tension Test

Al.3.1 Carbon Steel Bars—Caubaon steel bars are nol com-
monly specified 10 tensite requirements in the as-rolled condi-

"lion for sizes of rounds, squares, hexagons, and oclagens under

Y in. (l3\mm) in diameter or distance between paraltel faces

ALl Scoﬁ

A2.1.1 This_supplement covers definitions and methods of
lesting pcculinf._lo tubular producis which are not covered in
the general séction of these methods.

A21.2 Tu b.unr shapes covered by this specification shafl
not be Illmlcd}lo products with circutar cross sections but
include shapes such as rectangular structucal tubing.

not for ather bar-size sections, other (han fiats, less than | in?
(645 mm?) in cross-sectional arca.

ALY2 Alloy Steel Bars—Alloy sieel bars are ustally nol

tested in the as-ralled condition.

AL23 Wicn tension tests are specificd, the practice for
selecting test specimens Tor hot-rolled and cadd-fusshed steel
bars of various sizes shall be in accordance wili 1o
unless eilenwise specilied in the producy specificatioi.

AL4 Bend st
ALAL When head 1ests are specilied, 1he recamimended

practice Tor hot-rolled aud cold-fnished stcef bars shatl be in
accurdance with Table AL2,

ALlS Hardness Test

ALSN Hardness Tests on far Produc:
squares, hexagons and oclagons—is condu.
after a minimum removel of 0.015 in. fo provide
hardness penciration.

STH R

AL STEEL TUBULAR IRODUCTS

A2.2 Tension Tesl

AL Full-Size Longitudingl Tes: Sp oo
A22.1.0 Itis standard praciics

of fult-size tubulac sections =

equipment. Snug-fitting merat g

cnough in the end of such tubwlar spece. oo

testing machine jaws to grip the speeizee . 7o 7

A IECairale

e, roqdd-
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crushing. A design that may be used for such plugs is shownin  given in Test Methods E8 oc E §M.
Fig. ALL. The plugs shall not extend into that part of the A2.2.22 The widih should be measured at each end of the

T gecimen on which te elongadon s easured {Fig- A% 1) gaze Tengih to delermine paraliclism and also at the center. The
Care should be excrcised to see that insofar as practicable, the  thickness should be measured at the center and used with the
pad in such cases is applied axially. The length of the  center measurcment of the width to determine the cross-
full-section specimen depends on the gage length preseribed  sectional ares. The center widh dimension should be resorded
for measuring the elongation. 1o the nearest 0005 in. (0.127 mm), and the thickness

A2.2.1.2 Unless otherwise required by the individuat pmd- measurement to the nearest 0.001 in.
ot spwﬁcauon. the gage length for fumace-welded pipe is A2L3 Transverse Strip Test Spccmren:
pormally 8 in. (200 mm), except that for nominat sizes ¥ain. A223.1 In general, iransverse tension tests arc nol recom-
o smaller, the gage kength shall be as follows: mended for tubular products, in sizes smaller than B in. in

Hoenical Size, i Gage Length, In. fmum) nominal diameter. When required, transverse tension lest
Yod 2{12} : specimens may be taken from rings cut from ends of tubes or
by 2(50) pipe as shown in Fig. A2.4. Flatening of the specimen may be

done cither afier separating it {rom the lube’as in Fig..A2.4.(a),
. A221.3 For seamless and clecuic-welded pipe and wbes o poore separating it as in Fig. A2.4 (), and mayﬁ donehot_
the gage tength is 2 in. Howcver, for lubing having an outside or cold; but if the flatiening is done cold, the specimen may
diameter of ¥ in. (10 mum) or less, itis customary 0 U6 3 838 ¢ pcequently be normmalized. Specimens from qebes-or pipe:for
kagth equal to four imes the outside diameter when elonga- . piet hear treatment is specified, after being Aattened either
fion values oompmbls to larger specimens are sequired. hot or cold, shall be given ke same treatment as the fubes or -
A2214 To determine the cross-sectional area of the full-  ine For qubes or pipe having a wall thickness of less than %
soction specimen, measurements shall be recorded as the iy (19 mm), the transverse test specimen shall be of the form
average or mean between the grealest and least measurements  5n4 dimensions shown in Fig. A2.5 and either or both surfaces
of the outside diameter and the average of mean wall thickness,  may'be machined lo secure uniform thickness. Specimens foc
fo the nearest 0.001 in. (0.025 mm) and the cross-seclional area

t 1 x 1 transverse tension tests on welded steel tubes or pipe to
7 Is determined by the [allowing equation: determine strength of welds, shall be located perpendicular.to

A =3140160(D ~ 1) (42.1)  the welded seams with the weld at about the middle of their
1 length.
;’h“f_ . A A2232 The width should be measured at cach-end-of the
© sccu_ona] area, N Y - gage length to detenmine parallelism and also at the center. The
D = ouside diamctergity, Ak N thickness should be measured at the center and used with the
t = 1hickness of twbe wall, in.

, center measurctnent of the widih 1o delermine the cross-

MNote A2.1—There exist other methads of cross-sectional area deter-  scetional arca. The center width dinension should be recorded
mination, such as by weighing of the specimens, which ace equally 4o 1he nearest 0.005 in. (0.127 mm), and the thickness
Xcurate o appropriate for the purpose. measurement 1o the nearest 0001 in. (0.023 mm).

A222 Longinidinal Sirip Test Specimens: AL2d Round Test Specimens:

A22.2.1 For larger sizes of tubutar products which cannat A2 When provided for in the product specification. the
b tested in full-section, longitudinal test specimens age ob-  round test specimen shown in Fig. 4 may be used.
Wined from strips cut from the 1ube or pipe as indicated in Fig, A2243 The diameter of the round test specimen is mea-

A2.2 and machined to (he dimensions shown in Fig.A2.3. For  sured al the center of the specimen to the nearest 0.001 in.
fumace-welded wbes or pipe the 8-in. gage length specimenas  (0.025 fam). _ . )
shown in Fig. A2.3 is standard, the specimen being located at .-\2.2.:1.3 :sz\ll-xm: specimens propt?monal to standard, as
approximately 90° from the weld. For scamless and cleciic- sho\\-r_l in Fig. 4: may he used \\'h\!{‘l it is necessary lo tesi
welded 1ubes or pipe, the 2-in, gage length specimen as shown matcna! from which lh.c slanda.rd specimen cannot be prepared.
in Fig. A23 (1) is standard, the specimen being located Othersizes of small-size specimens may be used. [n any such
1pproximately'90° from the weld in the case of electric-welded  small-size specimen, it is important that the gage-length for
“tubes. Specimens of the type shown in Fig. A2.3 may be fested  measurcmicnt of clongatinn be four limgs_lhc diameler of the
%ith grips having 2 surface comtour coresponding to the  Specimen (sce {40«: 4. .Fig.ti).'l"hcclongal:on requirements for
curvare of 1k tubes. When grips with curved faces are not e round specimen 2-in. gage length in the product specifica-
. Wailable, the qlds of the specimens may be fattened without  tion shall apply 1o the 5'“3"'5574_5 specimens. )
- heating. Standard feusion test specimens, as shown in specimen : A2.2.4:4 For_ transverse specimens, the section from wht_ch
No. 4 of Fig. A2}, are nominally 1%in. (38 mm) wide in the the specimen is taken shall not be fattened or otherwise
" gage length scctp When sub-size specimens are necessary deformed.
due o lhcdlmcns:cms and character of the material tobe tested,  A23 Determination of Transverse Yield Strength,
tpecimens 1, 2, or'd shown in Fig. A23 where applicable, are Hydraulic Ring-Expansion Metlod
Considered standard, ‘. A2.3.1 Hardness tests are made oa the outside surface,
Nore A2.2—An exact Fsrmula for calculating the cross-sactiona ares  inside surface, or wall cross-section depending wpon product-
of specimens of the type.shown in Fig. A2J tken from a cicular b is  specification limitation. Susface preparation may be necessary
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¢ (o obtain accurate hardness values.
A23.2 A testing machine and method for determining the
transverse yield streagth from an annular ring specimen, bave
been developed and described in A23.3 through A23.5.

or adding rollers, the rofler chain may be adapted for differ-
sizes of tubular sections.

AZ4 Hardness Tesls
A2.4.]1 Hardness tests are made either on the cutside or :

the lesting machige is shown in Fig. A2.6. .

A234 Tn determining the transverse yield strength on this
machine, a short ring (commonly 3 in. (76 mm} in length) test
specimen is used. After the large circular nut is removed from
the machine, the wall thickness of the ring specimen is
détermined and the specimen is telescoped over the oil resistant
rubber gasket. The nut is then replaced, but is not tumed down
tight against the specimen. A stight clearance; is Jeft betvrten
the nut and specimen for the purpose of permitting fres radial
movement of the specimen as it is being tested. Gil under
pressore is then admilted ta the interior of the mubber gasket
through the pressure line under the control of a suitable valve,

An accurately calibrated pressure gage serves fo measure oil |

pressure. Any air in the system is removed through the bleeder
" line. As the oil pressure is increased, the rubber gasket expands
which in tum stresses the specimen circumfereatilly. As the

pressure builds up, the lips of the rubber gasker act as a seat 1o

prevent oil leakage. With continued increase in pressure, the
- ring specimen is subjectod to a tension stress and clongates

accordingly. The entire outside circumfecence of the fing

specimen is considered as the gape lenpth and the strain is

measuged with a suitable extensometer which will be described

later. When the desired total strain or extension under load is

reached on the extensometer, the oil pressure in pounds per
: . square inch is read and by employing Baslow's formula, the
unit yield strength is caleulated. The yicld sirength, thus
determined, is a true résult since the test specimen has nol been
cold worked by Rattening and closely approximales the same
condition as the tubular section from which it is cul. Further,
the test closely simulates service conditions in pipe lines. One
testing machine unit may be vsed for several different sizes of
pipe by the use of suitable rubber paskets and adapiers.

Note A23—Barlow’s [ormula may be stated two ways:

{1} P =25¢D (A22)
(2) §= PDIN (A23)

whc(e:

P = intemal hydrostatic pressuie, psi,

§ = unit circumferential stress in the wall of the lbe

\produced by the intemal hydrostatic pressure, psi,
t thickness of the tube wall, in., and
D = outside diameter of the tube, in.

4233 A roller chain'type extensomeler which has been
found satisfactory for measuring the clongation of the ring
specimen is shown in Fig. A2.7 and Fig. A2.8. Fig. A2.7 shows

- the extefsometer in position, but unclamped, on a ring speci-
men. A sinall pin, through which the strain is trznsmitied to and
measured. "by the dial gage, extends through the hollow
threaded stigd When the extensometer is clamped, as shown in
Fig. AZ.B.{!_,J desired tension which is necessary to hold the
instrument i place and Lo remave any slack, is exerted o the
roller chain by the spring. Tension on the spring may be
regulated as desired by the knurled thumb screw. By removing

v

~inside surfaces on the end of the tube as approprate. -

A24.2 The standard 3000-kef Brinell Joad may canse 1
much deformation in a thin-walled tebular specimen. In
case the 500-kgf Joad shall be applied, or inside stiffening
means of an intemal anvil should be used. Brinell testing sh
not be applicable to tubular products less than 2 in. (51 mm;)
outside diameter, or less than 0.200 in. (5.1 mm) in w.
thickness.

A243 The Rockwell hardness tests are normally made
the inside surface, a flat on the outside'sutface, or on the w

cruss-section depending upon the product limitation. Rockw: .

hardness tests are net performed on bes smalter than ¥is .
(7.9 mm) in outside diameter, nor are thiey perfonued oa ¢

" inside suiface of tubes with fess than 4 in. (64 min) ins’
diameter. Rockwell hardess tests are not performed on :
nealed tubes with walls less than 0065 in:-(1:65 mim) thick
cold worked or heat treated rubes with walls less than 0.049
(1.24 mum) thick.- For fubes with wall thicknesses less &
those permitling the regular Rockwell hardness test, the {
perficial Rockowell test is sometimes substituted. Transve
Rockwetl hardness readings can be made on tbes witha v
thickness of 0.187 in. {(4.75 mm) or greater. The curvature &
the wall thickness of the specimen impose limitations on ©
Rockwell hardness test. When 2 comparison.is made. betwe
Rockwelt determinations made on the ouiside surface 2
determinations made on the inside surface, adjustment of 1
readings will be required to compensate for the £ffect
curvature. The Rockwell B scale is used on all materials havi
an expected hardness range of BO o B18). The Rockwel!,
scale is used on maleriat having an expected hardness rnge
C20 10 C68.

A2.4.4 Superficial Rockwell hardness tests are nomme
performed on the outside surface whenever possible
whenever excessive spring back is not encountered, Otherw!
the tests may be performed on the inside. Superficial Rocke.
hardness 1¢51s shall not be perfornied on fubes with an ins’
diameter of less than Yin. (6.4 mm). The wall thicke
limitations for the Superficial Rockwell hardness test are gi
in Table ALI and Table A2.2.

A2A.5 When the outside diameter, inside diameter, or ¢
thickness precludes the obtaining of accurate hardness valu.

whular products shall be specified to tensile proper-ties and
tested,

A1S5 Manipulating Tests

A2.5.1 The following tests are made ta prove ductility
certain whular products:

A25.1.1 Flantening Test— The flattening test as ¢ommo
made on specimens cut from tubular products is conducted
subjecting rings from the tube or pipe to a prescribed degrec
fattening between parallel plates (Fig. A2.4). The severity
the fiattening test is measured by the distance between
parallel plates and is varied acoording to the dimensions of
tube or pipe. The flatiening test specimen should not be 1
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dan 2¥2 in. (63.5 mm) in kipih and should be fiattened cold
1o the extent required by the applicable material specifications:

(100 mm) in leagth, and thus expanding the specimen until the
msxdcdnmuerhasbecamcrusedlotheexlcmmqnlmdbylm
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,\2.5 1 ?. Revem Flattening Test—The reverse flattening:  applicable material specifications.
ly-Tor-application-to-electric-welled 251,65 Band Tem—For pipe wsed Tor coiling in sizes Zin.

abing for the detection of Tack of penctration or overlaps
solling from flash removal in the weld. The specimen
consists of a length of tbing approximately 4 in. (102 mm)
tong which is split longitudinally 90° on cach side of the weld.
The sample is then opened and flattened with the weld at the
peoint of maximum bend (Fig. A2.9).

A25.13 Crush Test— The crush test, sometimes refeqred to
ss an upsetting test, is wsually made on boiler and other
presswre. tubes, for evaluating ductility (Fig. A2.i0). The

is aring cut from the tube, usualiy about 24 in. (63.5
mm) long. It is placed on end and crushed endwise by hammer
or press (o the distance prescribed by the abpliablemat;rial
specifications.

A25.14 Flange Tt:t—- Tha ﬂange Iest is mtcndcd to-

&termine the ductility of boiler tubes and their ability to
withstand the operation of bending into a tube sheet. The test
i made on a ring cut from a tube, usually not less than 4 in.
{100 mm) long and consists of having a flange tumed over at
tight angles to the body of the tube to the widih required by the
applicable material specifications, The flaning 1ool and dic
block stiown in Fig. AZ:11 are recommended for use in miking
this fest.

ALS5.1.5 Flaring Tesi— For certain types of pressure tubes,
an alienate 10 the fange lest is made. This test consists of
driving a tapered mandrel having a slope of 1 in 10 as shown
in Fig. A2.12 {a) or a 60" included angle as shown in Fig.
A2.12 (b} into a section cut from the lube, approximately 4 in.

a.ndund:ubcndlu“smadc!oddcmuncusduuﬂnyanddlc
soundness of weld, In this test a sulficient length of full-size
pipe i¢ bent cold through 90° arciind a cylindrical ‘mandrel
having a diameter 12 times the nominal diameter of the. pipe.
For close coiling, the pipe is bent cold through 180 around a
mandre] having a diameter 8 times the nominal diameter of the
mpe : '
A25.1.7 Transverse Guided Bend Test of Welds—This bend
test is used lo determine. the duciility of fusion welds. The
specimens used ‘are approximately 1% in. (38 mm) wide, at
Icast6m.(l$2mm)mlmgﬂ1wuhthcwdd al the center, and

are machined inaccordance with Fiz, All'Sforfamandm“

bend ests and in accordance with Fiz. AZ.14 for side bend

tests. The dilmensions of the planger shall be as.shown in Fig.

A215 and the ofher dimensions of the bending jig shall be

substantially as given in this same figure. A test shall consist of
a face bend specimen and a rodt bend specimen or two side
bend specimens. A face bend test requires bending with the
inside surface of the pipe against the plunger; a soot bend test
requires bending with 4he outside surface of the pipe-against
the plunger; and a side bend test requires bending so that one
of the side surfaces becomes the convex surface of the bend

{2) Failure of the bend test depends upon the appearance of
cracks in the area of the bend, of the natwe-and extent
described in the producy specifications.

A3, STEEL FASTENERS

A3l Scope

AL L1 This supplement covers definitions and methods of
¥sting peculiar to stecl fastencrs which are not covered in the
general section of Test Methods and Definitions A 370. Stan-
dard tests required by the individual product specifications are
% bic performed as outlined in (he general section of these
methods.

All2 ¢ tests are setup o facilitate production control
ksiing and heceptance testing with cerain more precise tests to
be tised for arbmauon in case of dnsagmcmcnl over test resulls.

A2 Termon Tests

A321 Iis prefermed that bolis be tested full size, and it is
Wstomary, When so testing bolts to specify a minimum
Ulfimate M in pounds, rather than a minimum ultimate
Sength in po\u1ds per square inch. Three times the bolt
Mminal diameter has been established as the miniraum bolt
Jengih subject 18, the tests described in the remainder of this
-Yction, Sectiolisy/A3.2.1.1-A3.2.1.3 apply when testing bolts
ull size. Sectiof A3.2.1.4 shall apply where the individual
“Moduct specifications pcmul the use of machined specimens.
; A32.11 PmajLoad—- Due to particular uses of cerain
i¥lasses of bolts it is desirable to be able to stress them, while

© in use, to a specified value without oblaining any perranent

set. To be certain of obtaining this quality the proof Yoad is
specified. The proof load test consists of stressing the boli with
a specified load which the bolt must withstand without perma-
nenl seL An alternate test which determines yield strength of a
full size balt is also allowed. Ehther of the following Methods,
1 or 2, may be used but Method 1 shall be the arbitration
method in case of any dispute as to acceplance of the bolts.

A32.12 Proof Load Testing Long Bolts—When full size
lests are tequired, proof load Method 1 is to be limited in
application to bolis whose length does not exceed 8 in. (203
mm) or & times the nominal diameter, whichever is greater. For
bolls longer than 8 in, or B limes' the nominal diameter,
whichever is greater, proof load Method 2 shall be used.

(2) Method 1, Length Measurement—The overall leagth of
a straight bolt shall be measured at its true center line with an
instrument capable of measuring changes in length of 0.0001
in. (0.0025 mm) with an accuracy of 0.0001 in. in any 0.001-in:
{0.025-mm) range. The preferred method of measuring-the
length shall be between conical centers machined on the center
line of the bolt, with mating centers on the measuring anvils.
The head or body of the bolt shall be marked so that it can be
placed in the same position for all measurements, The bolt shall
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tempegature or the Iransition temperature of full-scale speci-
mens does not give the desiced transition temperatures for
Charpy or Izod tests since the size and rotch geametry may be
so different, Chemical analysis, tension, and hardness lests may

not indicate the influence of some of the imporaat processin,
faumdmaﬂ'edsuscepubtlltywhnu!cﬁachn'emrdolhc

comprehend the effect of low tempemtm:s in inducing britd
behavior,
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A6, PROCEDURE FOR CONVERTING PERCENTAGE ELONGATION OF A STANDARD ROUND TENSION TEST
SPECIMEN TO EQU[VALENT PERCENTAGE ELONGATION OF A snmnmn FLAT SPECIMEN '

AG.1 Scope )

A6.1.1 This method specifies a procedure for converting
percentage elongation afies fracture obtained in a standand
0.500-in. {12.7-mm) diameter by 2-in. (5!-mm) gage length
test specimen to standard flat test specimens Yz in. by 2 in. and
1% in. by 8 in. {38.1 by 203 mm).

A6.2 Basic Equation
A6.2.1 The conversion data in this method are based on an

equation by Bertella, and used by Oliver'" and others. The -
relationship between clongations in the standard 0.500-in,
diameter by 2.0-in, test specimen and other standand §pecimens
can be calculated as follows:

e=e, [447 (ALY {A6.1)

where: !
= percentage clongation afier fracture on a standard test
specimen having a 2-in. gage length and 0.500-in.
diameter,
¢ = percentage elangation after fracture on a standard test
specimen having a gage length L and a cross-sectional
area A, and
a2 = constant characteristic of the test material.

A63 Application -

A6.3.1 Tn. applying the above equation the comstant a is
charactedstic of the 1est material. The value a = 0.4 has been
found to give satisfactory conversions for carbon, carbon-

" manganese, molybdenum, and chromivm-maelybdenum siecls

' Bertelle, C. A, Giomnale del Genian Civile, Vol 60, 1912, p. H).

M Oliver, D. A, Proceedings of s Instintion of Mechanicol Engineers, 1928, p.
(738

A

mﬂunﬂnlmﬂkmghmchEMOWtOSSOOOwlm‘
lo 585 MPa) and in the hot-rotled, in the hot-rolled ané
normalized, or in the anncaled condition, with oc withodf
tempering. Note that the cold reduced and quenched and
tempered siates are excluded. For annealed austenitic stafnless

steels, the value a = 0.127 has been found to glvcsau.sfaam
conversions. '

A6.3.2 Table AG.] has been calculated taking a = 0.4, with

the standard 0.500-i.'(12.7-mm) diameter by 2-in (Sl-mm,' '
“gage length test specimen a§ the reference specimen. T the”

case of the subsize specimens 0.350 in. (8.89 mm) in diamete:
by 1.4-in; (35:6:mm) gage length, and 0.250-in. (6.35- mm
diameter by [.0-in. (25.4-mm) gage length the factor in tk
equalion is 4.51 instead of 4.47. The small error introduced by
using Table A6.1 for the subsized specimens may be neglected
Table A6.2 for annealed austenitic stecls has been calculated
taking @ = 0.127, with the standard 0.500-in. diimeterby 2-in:
gage length test specimen as the reference specimen,

A6.33 Elongation given for a standard ©.500-in, diameter

by 2-in. page length specimen may be converted to Songation

for % in. by 2 in. or 1% in. by 8-in. (38.1 by 203-mm) flat
specimens by mubtiplying by the mdlcalod factor inTable AG.
and Table A6.2.

A6.34 These clongation conversions shall not be used
where the width to thickness ratio of the test piece exceeds 20.
as in sheet specimens under 0.025 in. (0.635 mm) in thickness.

A6.3.5 While the conversions are considered to be reliable
within the stated limitations and may’ generally be wsed-in
specification wriling where it is desirable to show equivalen!
elongation requirements for the several standard ASTM tension
specimens covered in Test Methods A 370, coasideration must
be given Lo the metallurgical effecis dependent on the thickness
of the material as processed.

\ " A7. METHOD OF TESTING MULTI-WIRE STRAND FOR PRESTRESSED CONCRETE

Al.l Scope

A7.1.1 This method provides procedures for (he tension
tesling of multi-wire strand for prestressed. concrete. This
- method if inteaded for use in evaluating the srand propertics
prescribed \n specifications for prestressing slecl sirands.”

A7l2 Genér:ll Precautions

Alll Prerpa:urc failure of the test specimens may result if
there is any dppreciable notching, cutting, or bending of the
specimen by;l.he gnppmg devices of the testing machine.

Al22 in testing may result if the seven wires
congtituting the strand arc not loaded uniformly.

A

A1.2.3 The mechanical prupcnies of the strand may be
materially affected by excessive heating during spocmwn
prepanation. £

AT.24 These difficulties may be numnuzcd by. following
the supgesied methods of gripping described in A7.4. 1

AT.3 Gopping Devices oA

A73.1 The true mechanical propertics of the strand ar¢
derermined by a test in which fracture of the specimen occurs:
in the fce span between the jaws of the lesting machiee]
Therefore, it is desirable to establish a test pracedure with:
suitable apparatus which will consistently produce such results®
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,m:stmsexmcds lhcslm:strcugthot'mcmtmal:nd
geformation o7 plastic yielding sets in. This is the conditioa for
ductile failure,

AS.L& This behavior, wh TS
wﬁuthemrmalmexmdsthcodmvcstmgthbefom
e shear stress exceeds the shear strength. Several invportant
facts of notch behavior follow from this. If the notch is made
sharper of more drastic, the noemal stress a the root of the
poich will be increased in relation (o the shear stress and the
bar wilt be more prone to brittle fracture (see Table AS.1). Also,
i the speed of deformation increases, the shear strength
increases and the likelihood of brittle fracture increases. On the
other hand, by maising the temperature, leaving the notch and
e speed of deformation (he same, the shear streagth Is
jowered and ductile behavior is promoted, leading to shear
failure.

- AS.2S Variations in nolch dimensions will scmusly affect
the results of the tests. Tests on E 4340 steel specimens? have
shown the effect of dimensional variations on Champy results
(sec Tabie AS.1).

A5 Size Effect

AS52.1 Increasing cither the width or the depth of the
specimen lends to increase the volume of melal subject 0
distortion, and by this factor tends to increase the caergy
absorption when breaking the specimen. However, any in-
&tasemsne, particutarly in width, also tends (o increase the
degree of restraint and by tending to induce britle fracture,
may decrease the amount of encrgy absorbed. Where a
standard-size specimen is on the verge of britde fracture, this is
particularly true, and 2 double-width specimen may actually
tequire less energy for upture than one of standard width.

A33.2 In studies of such effects where the size of the
material precludes the use of the standard specimen, as for.
example when the material is Ya-in. plate, subsize specimens
are necessarily used. Such specimens (see Fig. 6 of Test

Methods E 23) are based on the Type A specimen of Fig. 4 of

Test Methods £23.

AS53.3 General comelation between the encigy values ob-
Lzined with specimens of different size or shape is not feasible,
but limited oprrelations may be established for specification
purposes on the basis of special studies of pamcular materials
and particular specimens. On the other hand, in a siudy of the
telalive elfect &f process varizlions, evaluation by use of some
rbitrarily selected specimen with some chosen notch will in
mosk instances |.‘\lacc the methods in their proper order.

" AS4 Effects of Testing Conditions

AS4.1 The lcillng conditions also affect the notch behavior.
S0 pronounced isighe effect of temperature on the behavior of
seel when notchied dhat comparisons are frequently made by
Xamining spcc:m&: fractures and by ploting energy valuc and
fracture appearanceyversus temperature from tests of notched

at a senes of (@i tures. When the test iemperature has
been carried low cnﬁugh fo start cleavage fracture, there may
—_— 1

* Fahey, N, H,‘El«ud?wﬂhmmrp]hmﬂ'rm Materialy
Research & Standands, Vol 1. Mo. 11, November, 1961, p. 872
[}

be an exteemely sharp drop in impact value oc there may be &
relatively gradual falling off toward the fower temperatuces.
'Ihtsdropmcmgyvalmsumwhcnaspocmbegmsto
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sition lempq'amrc at W‘bl.d‘l dus embnulmg elfctt 1akes plaoe

varies considerably with the size of the pant of test specimen

and with the notch peomelry.

A5.4.2 Some of the many definitions of transidon tempera-
ture currendy being used are: () the lowest temperatire at
which the specimen exhibits 100 % fibrous fractre, ( 2) the
temperature where the fracture shows a 50 % crystalline and a
50 % fibrous appearance, (J) the temperature comresponding to
the energy valee S0% of the differcnce between values
oblained at 100% and 0% fibrous fracture, and ( 4) the

_ lemperature comesponding to'a specific energy value.

ASA3 A problem peculiar to Charpy-type tests oveurs

when high-strength, low-energy specimens are tested at Jow.

tlemperatures. Thése specimens may not leave the machine in
the direction of the pendufum swing but rather in'a sidéwise
direction. To ensure that the broken halves of the specimens do
not rebound off some component of the machine and contact
the pendulum before it completes its swing, modifications may
be necessary in older model machines, These medifications
differ with machine design. Nevertheless the basic. problern is
the same in that provisions must be made to prevent rebound-

ing of the fractured specimens into any part of the swinging .

pendulum. Where design permits, the broken specimens may
be deflected qui of the sides of the machine and yet in other
designs it may be necessary to contain the broken specimens
within a certain area uniil the pendulum passes through the
anvils. Some low-cnergy high-strength steel specimens leave
impacl machines at speeds in excess of 50 fr {15.3 m)s
although they wege struck by a pendulum traveling at specds

. approximately 17 ft (5.2 m)/s. If (he force exerted on the
_ pendulum by the broken specimens is sufficient, the pendulum
_ will stow down and erroncously high energy values will be

recorded: This problem accounts for many of the inconsisten-
cies in Charpy results reporied by various investigators within
the 10 10 25-0tIbf (14 to 34 J) range. The Apparatus Section
(ihe paragraph regarding Specimen Clearance) of Test Methods
[ 23 discusses the two basic machine designs and a modifica-
tion found to be satdsfactory in minimizing jamming.

AS5S Velocity of Straining

AS55.1 Velocity of strining s likewise a variable that
affects the notch behavior of steel. The impact test shows
somewhat higher enesgy absorption valucs than the static tests
above the transition temperatuce and yet, in some instances, the
Teverse is true below the transition temperature,

AS.6 Correlation with Service

A5.6.1 While Charpy or Izod tests may not directly predict
the ductile or britle- behavior of stecl as commonly used in
large masses or as components of large structures, these lests
can be uscd as acceplance tests of identity for different lots of
the same steed or in choosing between different steels, when
corvelation with reliable service behavior has been established.
Tt may be necessary (o make the tests at properly chosen
temperaturcs other than mom temperature, In this, the sexvice
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Ad.S Rockwell Hardnm Test
A46.1 On heat-treated wire of diameter 0.100 in. (2.34

__mm) and larger, the specimen shall be flatiened on two parallel

ERYTRV Y |

exoeed lSmmwmmmandrddnmnda-shallbc‘
specified in the relevant wire product specification. §

-A4.1.3 The wirc tested shall be considered to bave failed if
the wire fractures or if any Iouglmdma]oru'ansvmeu'ach
develop which can be seen by the unaided eye after the firy:
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sides by prinding before testing. The bardness fest is not
recommended for any diameter of hard drawn wire of heat-
teeated wire less than 0.100 in. (2.54 mm) in diameter, For
round wire, the tensile strength test is greatly preferred over the
hardness test.

A4T Wrap Test

A4.7.] This test is used as a means for testing the ductility
of certain kinds of wire.

A4.12 The test consists of coiling the wire in a closely

spaced helix tightly against a mandre! of a specified diameter -

for a required number of tums, (Unless other specified, the

- required number of turns shall be five.) The wrapping may be

done by hand or a power device. The wrapping rate may not

complete -tum. Wire which- fails in the first tun shall ba

retested, ag such fractures may be caused by bending the wire
{0 a radius less than specified when the test starts. . i
A48 Coiling Test K

A48.1 This test is used to determine if imperfections are
preseot to the extent that they may cause eracking or splitting
during spring coiling and spring extension. A coil of specified
length is closed wound oa 2a arbor of a spécified diameter. The
closed-coil is theni stretched to a specified permanent. increass
in kength and examined for uniformity of pitch with no splits or
fractures. The sequired atbor diameter, closed coil length, and

. permanent coi] utcndedlmgthmcreascmymmdtm

diameter, properties, and type.

AS. NOTES ON SIGNIFICANCE OF NOTCHED-BAR IMPACT TESTING

AS.1 Notch Behavior

AS.L1 The Charpy and Izod type lests bring out notch
behavior (brittleness versus ductility} by applying a single
averload of stress. The energy values determined are quantila-

/ tive comparisons on’a sclected specimen bul cannot be
converted into energy values that would serve for engmeenng
design calculations. The notch behavior indicated in an indi-
vidual test applies only o the specimen size, notch geometry,
and testing conditions invalved and cannot be generalized to
other sizes of specimens and conditiens.

A5.1.2 The notch behavior of the face-centered cubic met-
als and alloys, a large group of nonferous materials and the
" austenitic steels can be judged {rom their common Lensile
properties, If they are brittle in tension they will be brittle when
notched, while if they are ductile in tension, they will be ductile
when notched, except for wnusually shap oc deep notches
(much more severe than the standard Charpy or [zod speci-
mens). Even low temperatuces do not alter (his characteristic of
these materials. In contrast, the behavior of the fermitic steels
under notéh conditions cannot be predicted rom their proper-
fies as revealed by the tension test. For the study of these
- materials the Charpy and lzod type tests are accordingly very
useful. Somk metals that display normal ductility in the tension
test may nevertheless break in brittle fashion when tested oc
when used in the notched 'condition. Notched conditions
include restraints to deformation in directions perpendicular to
the major stcess, or mulGaxial stresses, and stress concentra-
tons. It is m\dus field that the Charpy and lzod tests prove
useful for dr.lgmunmg the suceptibility of a steel to notch-
briltle behavior lhqugh they cannot be directly used to appraise
the scrvzccablllly of a structure.

AS.1.3 The testing machine itsclf must be sufficiently rigid
of tests on high'strength low-cnergy materials will result in
excessive clastic’ encrgy losses either upward through. the
pendulum shaft o fownward through the base of the machine.

A

If the anvil supports, the pendulum striking edge, or the
machine foundation bolts are not securely fastened, tests oa
ductile materials in the range of 80 ft-Ibf (108 J) may actually
indicate values in excess of 90 to 100 ftlbf (122w 136 )). .

AS5.2 Notch Effect

A5.2.1 The notch resulls in a combination of multiaxial
slresses associated wilh restraints to deformation in directions
perpendicular Lo the major stress, and a stress concentration al
the base of the notch. A severcly notched condition is generally
not desirable, and it becomes of real concem in thase cases ia
which it iniliates a sudden and complete failure of the brittle
type. Some metals can be deformed in a ductile manner even
down to the low temperatures of liquid air, while others may
crack. This difference in behavior can be best understood by
considering the cohesive strength of a material (or the propenty

. that hods it together) and its relation Lo the yield point. In cases

of brittle lracture, the cohesive strenpth is exceeded before
significant plastic deformation occurs and the {racture appeans
ceysialline. In cases of the ductile or shear type of failure,
considerable deformation precedes the final fracture and the
broken surface appears fibrous instead of crystalline. In inter-
mediate cases the fracture comes after a moderate amount of
deformation and is part crystalline and part fibrous in appear-
ance.

AS5.2.2 When a notched bar is loaded, there is 2 normal
stress across the base of the notch which tends (o initiate
fracture. The property that keeps it from cleaving, or holds it
together, is the “cohesive strength.” The bar fractures when the
normal siress exceeds (he cohesive strength. When this occurs
without the bar deforming it is the condition for britde fracture

A5.23 In testing, though not in secvice because of side
effects, it happens more commonly that plastic deformation
precedes fracluce, In addition to the normal stress, the applicd
load also.sels up shear stresses which ase about 45° to the
nomal stress. The elastic behavior terminates as soon as the
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xoced the hardness limit of the product specification, for
of arbitration, hardness may be taken on two trans-
werse sections through a representative sample fastener se-

except that the majorld'iamclctshall be the minimum
diameter with a tolerance of + 0.002 in. (0.051 mm).
A3.5.2 Hardness Test— Rockwell hardness of nuts shall be
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jcted at random, Hardness readings shall be taken at the

ions shown in Fig. A3.6. All hardness values wwust
coaform with the hardness limit of the product specification in
ader for the fasteners represented by the sample to be
coasidered in compliance. This provision for arbitration of a
mmmum:ommmjmuastmm

A35 Testing of Nuts

A35.1 Proof Load— A sample nut shall be asseqbled on a
tardened threaded mandrel or oo 2 bolt conforming to the
pacticular specification. A load axial with the mandrel or bolt
and equal to the specified proof Joad of the nut shall be applied.
The not shall resist this load without stripping ot ruptuse. If the
teads of the mandret are damaged during - the (est the--
idividual test shalt be discarded. The mandrel shall be
tueaded to American Mational Standard Class 3 folerance,

. Gelermined on the wp or bottom face of the nut. Brinell

hardness shall be determined on the side of the nuts. Either
micthod may be used at the option of the manufacturer, taking
into account the size and grade of the nuts under test. Whea the
standard Brinell hardness test results in deforming the nut it

will be necessary 10 use s minor load or substitute a Rockwell.

hardness test.

A3.6 Buars Heat Treated or Cotd Drawn for Use in (he
Maaufacture of Studs, Nuts or Other Bolting
Malerial

A3.6.1 When the bars,-as received by (he manufacturer,
have boen processed and proved 1o meet certain: specified

—propetics; it Is not necessary 1o test the finished product when -~ -
these properdies have not been changed by the process of -

manufactare employed for the finished product.

A4, ROUND WIRE PRODUCTS

A41 Scape

Ad.l.1 This supplement covers e lppantus sper.lmens
wf methods of testing peculiar to steel wire products which
ae not covered in the general scction of Test Methods A 370.

A42 Apparafus

A4ZL Gripping Devices—Grips -of either the wedge or
saubbing types as shown in Fig. Ad.1 and Fig, A4.2 shall be
used (Note Ad.1). When using grips of either type, car shaltbe
tken that the axis of the test specimen is Jocated” approxi--
malely at the center line of the head of the testing machine
(Note A4.2). When using wedge grips the Jinérs uséd tichind
the grips shall be of the proper thickness. '

Hore Ad.1—Testing machines nsually are equipped with wedge grips.
These wedge grips, imespeciive of the type of wsting machine, may be
®femed to s the “wsval type” of wedge grips. The use of fioe (180 00 240)
bit abrasive clogh ia the “usual™ wedge type prigs, with the sbeasive
mﬂlﬂmglhe')ln:spnmncn can be helpful in reducing specimea
sippiog and braakage at the prip edges al tensile loads up to shout 1000
founds, For tests fspmmcusofmwhthh:b!clobcmuw
Hges by the “wsual type" of wedge grips, the snubbing type gripping
has proved satistactory.

For testing round wire, the use of cylindrical seat in the wedge geipping
devioe is optional, |
Nor:Mz—Any&Ioclmamungmﬂum‘dudl may cause pof-
Mial application of sad should be comrected.

A4232 PamudKM:cmmerer—A micrometer with a pointed
%pindlc and anvil Suitable for reading the dimensions of the
;ansmlmmalﬂmfmcmmdmds!odmnwmoom in.

025 mm) after ng the specimen in the testing machine
thall be used. brTv .

A43 Test Specimen

MJ 1 Test specimehs having the full cross-soctional area
o the wire they represent shall be used. The standard gage
kngih of the specimens shall be 10 in. (254 mm). However, lf

the determination of elongation values is-ool-required,any
convenient gage length is permissible. The tofal length of the
specimens shall be at Ieast equal to the gage length (10 in.) plus
twice the length of wire required for the full use of the giip
employed. For example, depending upon (he type of testing
machire and grips used, the minimum total length of specimen
may vary from 14 10 24 in. (360 to 610 rom) fora 10-in. gage
length specimen, -

Ad32 Any specimen breaking in the grips shalt be dis-

carded and a new specimen tested. .

Ad.4 Elongation

Ad4.1 Indetermining permanent elongation, the ends of the
fraciured specimen shall be carefully fitted together and the
distance between the gape marks measured to the ncarest 0.01
in. (0.25 mm) with dividers and scale or other suitablé device.
The clongation is the increase in leagth of the gage length,
capressed as a percentage of the original gage fength. In
recording clongation values, both the percentage increase and
e original gage lengih shall be givea.

A44.2 In determining total elongation {elastic plus plastic
cxtension) autographic or extensometer methods may be em-
ployed.

A44.3 If fracture takes place outside of the middle thind of
the gage length, the clongation value obtained may not be
representative of the material.

A4S Reduction of Area

A4.5.]1 The ends of the fractured specimen shall be carefully
fitted together and the dimensions of the smallest cross section
measured to the nearest 0.001 in. (0.025 mm) with a pointed
micrometer, The difference between the arca thus found and the
area of the ofiginal cross section, expressed as a perceatage of
the original area, is the reduction of arca.

A4352 The reduction of arca test is not recommended in
wire diameters kess than 0.092 in. (234 mm) due to the
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be assembled in the testing equipment as outlined in A3.2.14,
. and the proof load specified in the product specification shall
© be apptied. Upon release of this koad the length of the bolt shall
; be again measured and shall show no permanent elongation. A
: tolerance of £0.0005 in. (00127 mm) shall be allowed

]
4

norninal bolt diameter at the short side of the bole. The hole i
the wedge shall have the following ckatance aver the nominal
size of the bolt, and its edges, top and bottom, shall be rourded
to the lollowing radius:
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bétween the measurement made belote loading and that made
after loading, Variables, such as straightness and thread align-
meat {plus measorement emor), may result in apparent elon-
gation of the fasteners when the proof Joad js initially applied.
Tn such cases, the fastener may be reiested using a 3 percent
greater load, and may be considered satisfactory if the length
after this loading is the same as before this loading (within the
0.0005-in. tolerance l:or measurement efror).

A3213 Proof Load-Time of Loading—The proof load is to
be maintained for a period of iOSbe[orerekaseofload,whcn
using Mcthod 1.

(a) Method 2, Yield Sirength—The bolt shall be assemibled

in the testing equipment as outlined in A3.2.1.4. As the load is..

applied, the total elongation of the boit or any part of the bolt
which includes the exposed six threads shall be measured and
recorded to produce a load-strain or a stress-strain disgram.
The Joad or stress at an offset equal to 0.2 percent of the length
of bolt occupied by 6 full threads shall be determined by the
method described in 13.2.1 of thesg methods, A 370. This load
or stress shall not be less than that prescribed in the product
specification.
A3.2.1.4 Axial Tension Testing of Full Size Bolis—Bolis are
10 be tested in a holder with the load axially applied between
the head and a put or suilable fixture (Fig. A3.1), either of
which shall have sufficient thread engagement to develop the
- full strength of the bolt. The nut or fixture shall be assembled
on the bolt leaving six complete bolt threads unenpaged
between the grips, cxeept for heavy hexagon structural bolis
which shall haye four complele threads unengaged between the
grips. To meel the requirements of this test there shall be a
_tensile failure in the body orthreaded section with no failure at
the junction of the body, and head. IF it is necessary (o record
or report the tensile strength of bolis as psi values the stress
area shall be caleulated from the mean of the mean root and
pitch diameters of Class 3 extemnal threads as follows:

A, = 07854[D — (0974¥m))’ (A3.1)

=

= siress area. in2,

% nominal diameter, in., and

= number of threads per inch.

A32,1.5 Tension Testing of Full-Size Bolts with a Wedge—

- The purpose of this lest is to obtain the tensile strength and
demonstrate the “head quality” and ductility of a bolt with a
slanda.rd head by subjecting it to eccentic loading. The
uitimate* toad on the bolt shail be determined as described in
M.ll.&,_e.[(ccpl that 2 10° wedge shall be placed under the
same bolt:previously tested for the proof load (see A3.2.1.1).
The bolt heagd shall be so placed that no comer of the hexagon
or squarc;{akcs a bearing toad, that is, a flat of the head shall
be aligned With the direction of uniform thickness of the wedge
(Fig. A3.2). The wedge shall have an included angle of 10°
between its Faces and shall have a thickness of one-half of the

1
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A3.2.1.6 Wedge Testing of HT Bolts Threaded to Head—Fot
feat-treated bolis over 100000 psi (690 MPa) minimum tensilé
strength and that ace threaded | diameter and closes to the
underside.of the head, the wedge angle shall be 6° fos sizes %

through ¥<in. (6.35 to 19.0 mm) and 4° for sizes over Yain -

A3.2.1.7 Tension Testing of Bolts Machined to Round Test

() Bolts under 1%in. (38 mm) in diameter which require

machined tests shall preferably use a standard %&-in., (13-mm}
round 24n. (50-mm) pgage length test specimen (Fig. 4).
however, bolts of small cross-section that will not permit the
taking of this standand test specimen shall use one of the
small-size-specimens- proportionat-| lo-standard (Fig. 4) and thic
specimen shall have a reduced section as large as possible. I

all caszs, thehng;mdmalmsofllnspwmshaﬂbc..

concentric with the axis of the boll; the head and threaded
section of the bolt may be left intact, as in Fig. A3.3 and Fig.
A3.4, or shaped (o fitthe holders or grips of the testing machine

so that the lpad is applied axially, The page length fo

mca.su:in'g the elongation shall be four times the diameter of

the specimen.
(b) For bolts 1% in. and over in diameter, a standard %-in
round 2-in. gape length test specinen shall be wmed from 4h.
bolt, having ils axis midway between the center and outside
surface of the body of the bolt as shown in Fig. A35.

{¢) Machined specimens are to be tested in tension 1t
determine the properties prescribed by the product specifice
fions. The methods of testing and defermination of propertie:
shall be in accordance wilh Scclion 13 of these test methods

A33 Speed of Testing

A33.1 Speed al testing shall be as prescribed in I.h'
individual product specifications.

A3.4 Hardness Tests for Externally Threaded Fasteners

A4.1 When specified, externally threaded fasteners shal
be hardness tested. Fasteners with hexagonal or square head
shall be Brinell or Rockwell hardness tested on the side of (0,
of the head. Externally threaded lasteners with other type ©
heads and those without heads shall be Brine)l or Rockwe'
hardness tested on one.end. Due to possible distontion from th
Drinell load, care should be taken that this test meets i
requirements of Section 16 of these test methods. Where-th
Brinell hardness test is impractical, the Rockwell hardness fet
shall be substituted. Rockwell hardness test procedures sha
conform o Section 18 of thesé test methods.

A3.4.2 In cases where a dispule exists between buyer ar.
scller as to .whether externally thréaded fasteners umeet €
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e to inherent physical characteristics of individual ma-

dines, msmlpmctmltomonunendaumvma[gnppwg
woced :elhallssmlablcforalltesungm:chmw 'Ihcrefom.:t

Maibed inA732 to A?.S 8'is most smuble for the tctung
available.

A73.2 Standard V-Grips with Serrated Teeth {Note AT.1),
AT133 Standard V-Grips with Serrared Teeth (Note AZ.1),
Using Cushioning Material—In his method, some material is
between the grips and the specithen to minimize the

poiching effect of the teeth. Among the materials which have

peea tised are lead {oil, aluminum foil, carborundum cloth, bra
diims, etc. The type and thickness of material required is
dependent on the shape, condition, and coarseness of the leeth.

A134 Standard V-Grips with Serrated Teeth (Note A7.1);
Using Special Preparation of the Gripped Fortions of the
spedmm—Oneofmemcdlodsusedlsumng.mﬁueh the-
gwed portions are cleancd, Auxed, and coated by multiple
dips in molten tin alloy held just above the melting point:
Amxhumﬂmdofpmpamhonnsmmnngﬂwwpodpoﬂons
ia meal tubing or flexible conduit, using epoxy resin as the
bonding agent. The encased portion should be appmnmalely
twice the length of lay of the strand.

A13.5 Special Grips with Smooth, Semi-Cylindrical
Grooves {Nate A7.2)}—The gmooves and the gripped portions of
the specimen are coated with an abrasive sluity which holds
the'specimen in the smooth groaves, preventing slippage. The
shurry consists of abrasive such as Grade 3-F aluminum oxide
and a carrier such as water or glycerin.

A13.6 Standard Sockeis of the Type Used for Wire Rope—

The gripped portions of the specimen are anchored ia the’
wockets with zine. The special procedues for socketing usvally

tmployed in the wire rope industry must
A13.1 Dead-End Eye Splices—These
in sizes designed to fit each sizz of strand to be tested,
AT33 Chucking Devices—Use of chucking devices of the
type gencrally employed for applying tension to strands in
casting beds is not recommended for testing purposes.

followed.

Nove A7.1--The mumber of tecth shoukd be approximately 15 10 30 per
8, 25d the minimum effective gripping kngth should be approzimately 4
(102 mm).

Note A7.2—The eadivg of curvate of the grooves is approsimately
e sime a5 the radius of the strand being tested, and is focated Y in.

(0.9 mmn) abave the flat (ace of the grip. This peeveats the two grips from -

closing righily when the specimen it in place.
A74 Specimen Preparation
AT41 If the molicn-metal temperatures employed during

)

P

vices are available .

hot-dip tirning or socketing with metallic material are 200 high,
over approximately 700°F (370°C), the specimen may be heat
aﬁ‘ecmd with a subsequent loss of strength and ductilicy.
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2 confrols should be maintained W such
medwdsofspmmpupmnonmused.

ATS5 Procedure

A75.1 Yield Strength— For determining the yield strength
usc a Class B-1 éxtensometer (Note A73) as described in
Practice E 83, Apply an initial load of 10 % of the expected
minimum breaking strength to the specimen, then attach the
extensometer and adjust it to a reading of 0.001 infin. of gage
length. Then increase the Joad until the extensometer indicates
an extension of 1 %. Record the foad for this extension as the
yicld strenpth, The extensometer may be removed from the

—specimen after the-yield Stremady tas beerrdetermmimd. -~

A1.5.2 Elongation— For determining the elongation use.a
Class D extensometer ( Note A7.3), as described in Practice
E 83, having a gage length of not less than 24 in. (610 mm) (
Note A7,4). Apply an initial toad of 10 % of the required
minimum breaking strenplh to the specimen, then attach the
extensometer (Note A7.3) and adjust it 20 & zero reading. The
extensomeler may be removed from the specimen prior to
rupture after the specified minimum clongation has becn
exceeded. It is not pecessary 1o determine the final elongation
value,

A15.3 Breaking Strengih—Determine the maximum load at
which on¢ or.more Wires of the sirand are fractured. Record
this load as the breaking sirength of the strand.

More A7.3—The yield-strength extcnsometer and the elongation ex-
tensorieter may be the same instaument of two separate instruments. Two
sepanate instiuments are advisable since the more sensitive yicld-swength

. exleasometer, which could be damaged when the strand fractures, may be

* removed following the determipation of yickd strenpth. The elongation

extensometer may be constructed with less sensitive parts or be coa-
structed i such a way that litde damage would result if fracture ocours
while the extensometet is attached to the specimen. -

" Nove AT4—Specimens that break outside the extensometes o in the

- jaws and yet mect the minimem specified valoes ane considered as

meeting the mechanical property requirements of the product specifica-
tion, regardless of what procedure. of gripping has been used. Specimens
that break outside of the eatensometer of in the jaws and do not meet the
minimum specified values are subject 10 retest Specimens that break
betweep. the_jaws and the exteasomeler and do not meet the minimum
specificd values are subject 10 retest as provided in the applicable
specification.

e, AS. ROUNDING OF TEST DATA

ALl Rounding -

ABLI An observed’value or a calculated valuc shall be
Wandad off in with the applicable product specifi-
Giion_ In the absence of a specified procodure, the rounding-
7 method of Practice E 29 shall be used.

A8.1.1.1 Values shall be rounded up or rounded down s

determined by the rules of Practice E 29.

AB.1.12 Tn-the-special case of rounding the number 57
when no additional numbers other than “0" follow the “5.°
_rounding shall bé done in the direction of the specification
limits if following Practice E 29 would cause rejection ofma-
tenal.
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TABLE 1 Multiplylng Factors %o Be Used for Various Diameters of Rotnd Test Specimens

- Stardord Speciaen Smal Size Spedmens Proporional lo Standard
- _ 0500 in Rood 0350 b Aound_ 0250 in. Rowd
Aol . Acud ol :
D""f“- n? Facix m:'“‘ n? Fackr m:”' nt Fackr
T pd%0 0186 53 0343 0.0924 0 0245 oh 72
0491 C. 048 5§28 0.4 0062 1076 0.246 0I5 HH
0422 .10t - 826 0345 0.083$ 1070 0247 M9 2087
049 0.1908 524 0346 0.0940 1064 028 0487 2070
0494 04817 52 0347 0095 1057 0249 0.0487 2054
0455 01524 520 0348 0.0851 1051 0250 00491 203
049 0162 518 0349 anss? 1045 0251 00405 202t
o5 (0.0t
047 0.1940 515 0.350 0.0962 1029 0252 00459 2005
P @00
G498 01 513 o3t 0068t 0283 0050 1969
3 {oosy* [T o
0499 0.1956 5141 0352 00973 1028 - 0254 0.050T 19
2500 01963 509 0383 0.0079 102 0255 08511 10.58
0501 0197t - . 507 - 0354 0.0384 10.16
ns02 01979 505 0.35% 0,05%0 10.10
0503 o.4%07 5.08 0356 - 0.09%5 1005
o (tony*
0504 0,155 501 0357 0.1001 595
tozy 5oyt o Ty
0505 02003 499 :
o g
0506 Q2011 497
par {0
0507 02019 495
0508 02027 .4
0509 02035 431
! osw0 02043 490

AThe values in patentheses may be used lor ease In cakulation of strasses, In pounds per squace Inch, & permitied in Note § of Fig. 4.



@ aaro

Number 1, Section IX of the Code) forgings and bars with a
nominal thickness or diameter of 2 in. (51 mm} ot less, the test
specimens shall be given a heat treatment to Simulate any

forgings and bars may receive during fabrication. The simu-
lated heal treatment shall wtilize temperatuces, limes, and
cooling rates as specified on the order. The total time at
temperature(s) for the fest material shafl be at least 80 % of the
total time at temperature{s) to which the forgings and bars are
subjected during postweld heat treatment. The tolal ime at
temperature(s) for the test specimens may be performed in a
single cycle.

A10,5.3.3 Priot to heat treatment in the simulator unit, test
specimens shall be machined to standard sizes that have been
determined to allow adequately for subsequent removal of
decarb and oxidation.

- - AL0.53.4-Ad least one thermocouple per-specimen shall be-

used for continucws recording of temperatuce on an indepen-
dent extemal temperature-monitoring source. Duc to the sca-
sitivity and design peculiarities of the healing chamber of
certain equipment, il is mandatory that the hot junctions of
_control and monjtoring thermocouples always be placed in the
"same relative position with respect to the heating source
(generally infra red lamps).

A1053.5 Each individual specimen shall be identified, and
such identification shall be clearly shown on the simulator
chart and simulator cycle record.

Al10.5.3.6 The simulator chart shall be compared to the
master chart for 2ccurate reproduction of simulated quench in
accordance with A10.5.3.2{a). Tf any one specimen is not heat
treated within the acceptable limits of temperature and time,
such specimen shall be discarded and replaced by a newly
machined specimen. Documentation of such aciion and reasons
for deviation from the master chart shall be shown on the

mM«MMmhm@Omgmnfm
repoit.

Al0S4 Reheat Treatment and Rcrcsrmg: '#
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hmdhdnnmdmummmlcssdfonhbydwmmm
specification.
Al0.542 If retesting is penmssfbl:. a new test spcclm%
shall be beat treated the same as previously, The
forging that it represents will have received the same béap
ucaunan[fllwlcslpasscs.llnforgmgshallbeawupubhlf
|lfalls,lhefoug|nsshallbenqedcdonha]lbcmbjoawrehq
treatment if permissible.
Al0SA3 Tf reheat treatment is pemuss’blc, proceed n
follows: (1) Reheat mmwntsamcasongmﬁhmm

4Il

(time, tempetature, cooling rate): Using new test spocimeny

from an area as close as possible to Whe original specimens,

repeat the austenitize and quench cycles twice, followed by the
tempering cycle (double quench and temper). The production
lorging shall be given the identical double quench and temper
as jls test specimens above. (2) Reheat treatment using a ow
heat treatment practice. Any change in time, temperature, of
cooling rate shall constitute 2 new heal treatment practice. A
néw masler curve shall be produced and the simulation and
testing shall proceed as originally set forth. '

A10.5.44 In summation, each test specimen and its come-
sponding forging shall receive identical heat treatment or heal
treatment; othcrwise the testing shall be invalid,

Al0.5.5 Storage, Recall, and Documentation of Hea:-(.‘ydt
Stmulation Data—All tecords pertaining to heat-cycle simula-
tion shall be maintained and held for a period of 10 yesrsoras
designed by the customer, Tnformation shall be so organized
that afl practices can be vesified by adequate documented

vecords. .
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ASME Boiler and Pressure Vessel Code Section Vi,
pivision 2, latest edition.

A105.23 A copy of the master forging recoed shall be
stored with the heat treatment record of the production forging.
A105.2.4 The essential variables, as set forth on the heat

Al04.) Definitions: -
Al04.1.1 master chart— a record of the heat treatment
received from a forging essentially identical to the production
forgings that it will represeat. It is a chart of time and
gmperature showing the ouiput from thermocouples imbedded
" jothe forging at the designated test immersion and test location
" or locations.
Al04.12 program chart— the metallized sheet used to
the simulater wnit. Time-temperature data from the
master chart are manually transferred to the program chart.
Al04.1.3 sinulater chari— a record of the heat reatment
. tha a [est specimen had reccived in the simulator unic. Tt is a
chart of fime and temperaturs and can be compared directly to.
the master chant for accuracy of duplication.

Al04.14 simulator cycle— one continuous heat Irezlment
of a set of specimens in the simulator unit. The cycle includes
healing from ambient, kolding at (smperature, and cooling. For
example, 8 simulated austenitize and quench of a set of
spocimens would be one cycle; a simulated temper of the same

- ‘specimens would be another cycle.

AI0S Procedure
A103.1 Production Master Charts:

A105.1.1 Thermocouples shall be imbedded in each forg-

ing from which a master chart is obtained. Temperature chall be
monitored by a recorder with resolution sufficient to clearly
define all aspects of the healing, helding, and cooling process.
All charis are 1o be clearly ideniificd with all pertinent
information and identification required for maintaining perma-
it records.

Al105.1.2 Thermocouples shall be imbedded 180 deg apant

if the material specification requires lest locations 180 deg

apant.

A10.5.1.3 One master chart (or two if required in accor-
dance with A10.5.3.1) shall be produced to represent essen-
tially identicat forgings {same size and shape). Any change in
size or geomesgy (exceeding rough machining tolerances) of a
forging will necessitate that a new master cooling curve be
developed.

Al05.14 If ‘more than one curve is required per master
forging (180 deg apart) and a difference in cooling rate is
Ahieved, then the, most consesvative curve shall be vsed as the
. Mmaster curve. ]

Al05.2 Repradicibility of Heat Treatment Paramelers on
Praduction Forgings:

A105.2.1 All ihformation pertaining (o the quench and
&mper of the mastei forging shall be recorded on an appro-
T;Nc permanent rééord, similar to the one shown in Table

0.1 *

A105.22 All in{?}gj-lalion pertaining (o the quench and
¥mper of the produption forgings shall be appropriately
Tecorded, preferably on a form similar o that used in
A105.2.1. Quench rechrds of production forgings shall be
tained for futurc reference. The quench and temper record of

master forging shall be refaincd as a permanent record.
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treal record, shall be controlled within the given paramelers on
the production forging.

A10.5.25 The temperature of the quenching medium prior

to quenching each production forging shall be equal to ot lower
than the temperature of the quenching medium prior to
quenching the master forging. .

A105.2.6 The time elapsed from opening the furmace door
to quench for the production forging shall not exceed that
clapsed for the master forging.

Al05.2.7 If the time parameter [s exceeded in opening the
fumace door to beginning of quench, the forging shall be
placed back into the furnace and brought back up to equaliza-
tion temperatyre.

—  Al05.28-All forgings represented by the same master:

foeging shall be quenched with like orientation to the surface of
the quench bath.

A10529 All prodoction forgings shall be quenched in the
same quench tank, with the same agitation as the master
forging. '

AlD.5.2.10 Unifermity of Heat Treat Parameters—(1) The

difference in actual heat treating {emperature beiwecn produe. - '

tion forgings and the master forging used to ¢stablish the .

simulator cycle for them shatl not excéed 225°F (x14°C) for
the quench cycle. (2) The tempering (emperature of the
production forgings shall not fall below the actual tempering

lemperature of the master forging. (3} Al least one-contact
‘surface thermocouple shall be placed on each losging in a

production load. Temperature shall be recorded for all surface
thermocouples on a Time Temperature Recorder and such
records shall be retained a5 permanent documentation.

Al03.3 Heat-Cycle Simulation:

A0S 3N Pedgram charts shall be made from the data
recorded on the master chart. AH test specimens shall be given
the same heating rate above, the ACI, the same holding time
and the same cooling rate as the production forgings.

A10.5.3.2 The heating cycle above the ACL, a portion of the
holding cycle, and the cooling portion of the master chart shall
be duplicated and the allowable limits on temperature and time,
as specified in (a)}c), shall be established for verification of
the adequacy of the simulated heat treatment.

{a) Heat Cycle Simulation of Test Coupon Heat Treatment
Jor Quenched and Tempered Forgings and Bars—If cooling
rate data for the forgings and bars and cooling rate conuol
devices for the test specimens are available, the test specimens
may be heatareated in the device.-

() The test coupons shall be heated 10 substantially the same
maximum temperature as the forgings or bars. The test coupons
shall be cooled at a rate similar to and no faster than the cooling
rate tepresentative of the test Jocations and shatf be within 25°F
(14°C) and 20 s ot all temperatures alter cooling begins. The
test coupons shall be subsequently heat.treated in accordance
with the theamal treatments below the crilical temperature
including tempering and simulated post weld heat treatment.

{c) Simulated Post Weld Heat Treatment of Test Specimens -

(for ferritic steel forgings and bars}—Excep for carbon steel (P
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AS.1.2 Recommended levels for rounding reported values
of test data are given in Tablc A8.1. These values arc designed
1o provide uniformity in reporting and data storage, and should
be used in all cases except where they conflict with specific

——tequicements-of-a-produci specification

should be-carriod 1o st least oo figure beyond that of the final (sounded)t
value during intervenlng cakeulations (such a3 cakeulation of stress from,
kad and area mexsuremcots) witk rounding occurting as the figa]!
operation. The precision nuay be Jess than that implied by the murnber off
siguificant figures, ;
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Note AS8.1—To minimize cumulative erors, whentver possible, values

AS. METHOBS FOR TESTING STEEL REINFORCING BARS

A9.1 Scope

A9.1.1 This. annex covers additional details specific to
testing steel reinforcing bars for use in concrete reinforcement.

A9.2 Test Specimens

A92.1 All test specimens shall be the full section of the bar
as rolled. ‘

A9.3 Tension Testing

A93.1 Test Specimen— Specimens [or tension tests shall be
long enough lo provide for an 8-in. {200-mm} gage length, 2
distance of at least two bar diameters between each gage mark
and the grips, plus sufficieat additional length to fill the grips
completely teaving some excess length protruding beyond cach
grip.

A93.2 Gripping Device— The grips shall be shimmed so -

that rio more than ¥ in. (13 mm) of a grip protrudes from the
head of the testing machine.

A9.3.3 Gage Marks— The B-in. (200-mm) gage length shall
be marked on the specimen using a preset 8-n. (200-mm)
punch or, aliemalely, may be punch marked every 2 in. 0
mm) afong the 8-in. (200-mm) gage length, on one of the
longitudinal ribs, if present, or in clear spaces of the deforma-
fion pattern. The punch marks shall not be pul on a lransverse
deformation. Light punch marks are desirable because deep

marks severely indent the bar and may affect the resulis. A -

bullei-nose punch is desirable.

A9.3.4 The yield sirength o yield point shall be detemined
by one of the following methods:

A93.4.0 Extension under load using an autographic dia-

A

e e P e ]

gram method or a1 extensomet er 2 described in 13.1.2 and
13.13, . A
" A9.3.42 By the drop of the beam or halt in the gage of thei
testing machine ac deseribed in 13.1.1 where the stcel tested as'

a sharp-kneed or well-defined type of yield point. v

A9.3.5 The unit stress detemminations for yicld and lensi}e‘

strength on full-size specimens shall be based on the noriind  ~

- bararea- - — -

A%4 Bend Testing
A9.4.1 Bend tests shall be made on specimens of sulficient

~length to cnsure free bending and with apparatus which

provides:
A9.4.1.1 Continuous and uniform application of force
througheut the duration of the bending operation, -
A9.4.1.2 Unrestricied movement of the specimen at points

~ of contact with the apparatus and beading around 2 pin freeto

rotate, and .
A04.13 Close wrapping of the specimen around the pin

_during the bending operation.

A9.4.2 Cther acceplable more severe methods of bend
testing, such as placing a specimen across (wo ping free 1o
rotate and applying the bending force with 2 fix-pin, may be

- used.

A9.43 When re-tcsting is permilled by the product specifi-
calion, the following shall apply: .

A9.4.3.1 Sections of bar containing identifying rof) marking
shall not be used, :

A9.4.32 Bars shall be so placed that longitudinal ribs tie in
a plane at right angles to the plane of bending.

Al0. PROCEDURE FOR USE AND CONTROL OF HEAT-CYCLE SIMULATION

Al0.1 Pu"rpose

A10.1.1 To cnsure consistent and reproducible heat treat-
_ments of pioduction forgings and the test specimens that
represent them when the practice of heat-cycle simulation is
used. Y
L
k3

A10.2 Scopé; *

A10.2.1 Gepepation and documentation of actual production
time—tempergthye curves (MASTER CHARTS).

A10:2.2 Confrols for duplicating the master cycle during
heat wreatrment of production forgings. (Heat treating within the
essential variables established during A1.2.1).

i

A10.2.3 Preparation of program charts for the simulator
unit.

A10.2.4 Monitoring and inspection of the simulated cycle
within the limits established by the ASME Code.

A10.2.5 Documentation and storage of all controls, inspec-
tions, charts, and curves..

Al03 Referenced Documents

A103.1 ASME Standands':

ASME Boiler and Pressure Vessel Code Section I11, fatest
edition. :

11 Available from Ammerican Seciesy of Mechanical Engincers, 345 E- 476 S
Mew York, RY 10017



b a370

TABLE 2 Approximate Hardness Conversion Numbets for Nongustenitic Steeis* (Rockwell G to other Hardness Numbers)

flockwel Superiiial Hardness

130

. Raockweel
Rackwed C Vickers Brined Kroop AScale, 15M Scala, 30H Scale 45N Scale, B
oot Diamond | "HOSS  ollioet  Stogllosd | LAk o Tenste
Penetratot Numoer 10mmBad ~ and Over Damond . Load, Load, Stocglh,
v Penetrator Diamand Diamond Diamaond sl
Penciaber  Penghalor  Penevalr 1 W)
) 940 - 20 056 02 B4 754 -
67 900 - 235 850 23 (A1 PL¥4 -
2] 855 - [ 1y] us -1 828 NI ~
65 K2 o] .21 839 §22 1L n -
o 800 2 &2 & 918 a11 A -
. B m 106 799 528 4 sl 5.9 -
g2 T4S 683 T 823 1.1 ik >.1.3
61 70 619 154 [1¥] 9.7 784 617 -
60 697 654 m 81.2 902 s 656 -
5 6T¢ (<71 e kg 894 65 655 251 240
58 653 615" 630 80.1 893 By [T 339 (200
57 [oxy] 595 610 796 B89 748 0.2 325 [2240) ...
i .56 . 613 371 650 790 B83___ 738 620 313 (2160}
55 595 560 630 785 . a9 730 £0.9 901 (207
o 877 543 612 78.0 . 814 720 59.8 252 (2010}
53 560 525 L T4 869 712 SUE L2800 {0950)
52 544 512 576 76.8 864 702 574 273 (1880)
51 528 496 558 163 859 694 56.1 264 (1820)
50 513 482 52 759 855 695 550 255 (1760)
49 498 468 526 B2 850 &§78 538 246 {1700}
43 404 455 510 747 M5 6687 525 238 (1640}
a7 4T 442 4% 741 839 658 514 229 (1580}
46 458 432 480 16 815 644 504 221 {1520)
45 46 [+]] 456 paN | 8i0 640 %0 215 [1480)
44 an 409 442 725 825 631 478 208 {1490
4 423 400 T4 20 820 - 62 46.7 201 (1390)
. 2 a2 390 425 ns 815 613 455 .-.194.(1340)
4 a1 402 381 4 709 09 604 443 188 (1300
40 392 an ) 70.4 804 595 431 182 (1250
3 382 362 m 699 799 546 419 177 (1220)
3 372 3 380 694 124 811 08 rIm (e
kI 383 4 an 639 838 568 s - - 165 {1140)
B3 54 336 360 684 83 559 B4 161 {110
as us 27 ki3 6.9 7 ' 550 372 . 155 [1060}
H 36 kI H 614 2 542 6.1 152 (1050
n an n e’ B68 768 533 My 143 (1030)
k] e 301 326 663 6.1 521 317 146 (Y1)
1l ane 2H 8 658 75.6 513 rns 141 (970)
20 302 286 in £5.3 750 504 313 138 {950}
2 o) 279 M E4.6 745 - 455 21 135 (320}
28 285 21 297 643 ne 486 289 131 (500}
2? 279 264 2% 628 733 a7 278 128 (8%0)
26 272 258 284 633 rd] %8 26.7 125 (850)
25 266 253 278 6238 22 459 35 123 {850}
24 260 247 ar 624 ne. 450 243 19 {820}
2 254 243 266 620 o 440 231 17 (850}
zf 248 o7 261 615 705 {32 2.0 15 (7%0)
2 243 ol 256 610 699 423 207 12y
20 238 o6 il 605 £94 415 V9.6 110 {760)
# This Latye gives the approximale inferrclationships of hardness values 3nd app 1e kensile strength of stesls. Wis possible thal steels of varitous compositions A’

processing hetones wil deviate in hardnessdensde
. siaifess sleals, bul have been shown to be applicable lor feribic angd marensitic <

siergﬂlnhimﬁpﬁmhdahplemmhﬂisnue.mdmhlishﬂiduﬁdrﬂbemdhlusietii'
Laintess sheels. The dala in this table should not ba used Ko establish & celasonshi

hemeenha:dnessvwesandlensigsuengmolhatddmmwie.vnnnmewodsecwuﬁd&mmﬁed.mﬂmhhmedspedﬂﬂwemwlﬁ

Composition, ﬂfal Wreatmend, 3nd pan
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TABLE §. Approximate Hardaess Conversion Numbars for Austenttic Steels (Rockwell B to other Hardness Numbers)
Aocioretd - _ Rockwell Supehictal Hardness
Scale, 100- Brinel Hardness, Rockwel A Scals, 1ST Scale, AT Scale, 45T Scale,
Wl ve SRR smvgllo il sagled  oigled, dSkglled,
{1588 10vmBad  Oamend _ Yin, {1.588- Yol (1,506 Yorln, (1 58
o) Ball- m) Bak mm) Bat mm} G

100 an 6 615 N5 804 102

% a5 248 509 912 197 692

% a9 240 63 %208 790 682

a7 29 m a7 004 783 612

% 402 2% 591 - 90 k] 66.1

o 408 249 85 87 1) 651

8 &4 21 50.0 893 763 TR

e} 420 207 574 849 756 a1

@ 424 202 568 586 43 621
8. .. . AB0_ ... 18T _ .. $2 ... B2 ... . M2 1.1
90 435 192 555 .19 ] 135 60.1

29 440 167 550 a5 728 590

8 445 183 54 81 7.1 580

& 459 1 539 867 T4 510

P 455 w 533 8.4 707 560

. Bs 450 17¢ 827 869 0o 550

& 455 167 524 856 693 540

&8 470 18 - 515 B52 - 686 529

8 474 160 508 849 619 518

81 479 155 504 s 572 508

8 484 153 458 B4.1 66.5 499
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" TABLE 3 Contiwed - o st -
s . Rockwel Superficial Hardness .
Scale, 100- Beinel Knoop RodorlA Rodwel £ y5rcoaly 307 Scale, 4STSGM.  Appmuimaa
Vickers Scale, Scale, I 0kl
wm;a:-m Harg Hﬂdu::.ﬁ lhtdrm so4gl o m tos, ﬁx Torsdi
n1 Py B000kgt boad, SO0 : . S!mgh
Thmm BN Wmmw—ﬁ*t—hﬁh—m
';T;;) _ _ Penetialor  (15800m) B0 [yeen (1588 (1598
] mrjBst  mmiBA men)Ba
” - - BS 2774 752 e 375 % -
3t - - 8 270 e w07 70 TN -
] - - ot %5 ™o 704 %2 26 -
A This table gives the approximale infemelalicnbips of hardness valuss and approsimale tensie strength of slesks, W is possibie thal steels of various composhions ar,

Mmﬂa«mnmwmmmmmhmmmmnmmmmuwmm
stainbess steels, but have been shown ko be applicabla bor fardie and marensi: stainkecs slests. The data in this tabla should nol be vSed Jo-pslablish a retationshis

between hardness vakies and tenshe sirength of hard dravn wire. Where maore preciss conversions are fequired, they chould be developed specially for ech siee
tompasition, heat freatment, and part.

TAHLE & Approximate Hardness Conversion Humbers for Austenttic Steels (Rockwell C to other Hardness Humbers)

Rotiowell Superficlal Handness

Pockwed G Scale, 150-kgf  Rockwel A Seale, 604gl : -

Load, Diamond Peneiralor  Load, Diamord Penetrale 150 Scile, 15hgfLoad, 20N Scale, M-kl Lind, - © 45N Scate; 45kgl Load,

Diamond Penetralor Diamond Penelralar - . Diamaond Penetrafor

L] 744 \ 84,1 662 - -52.1
47 ne 536 653 509 °
46 4 81 645 43
& 23 826 636 - @7
“" 724 21 627 irs
0 9 (11 614 54
42 i 810 61.0 52
41 708 805 60.1 - “ui
40 704 8.0 59.2 a9
39 699 795 584 \ : “a
k) 693 - 790 5TS @07
ar 688 705 566 . 396
3» 683 780 557 384
¥ 678 mns 549 w3
L} 613 70 540 36.1
<] 6548 765 53t 3.0
3z 663 159 - 523 339
3 €58 754 14 327
7 653 749 505 ,. M8
23 7] T4A 495 o W4
o8 643 739 488 293
27 834 734 419 202
% 613 129 470 270
25 628 24 462 25.9
24 623 719 453 248
n 618 n3 (Y 236
22 613 108 4as s
21 60:8 703 427 213
20

§0.3 £ as ’ w02 -

LY
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" TABLE 3 Contived - o -
° . Poclorell Superficlal Hardoess .
Rockwel Rockwel A Rockwel F -2
Scale, 100- Brinek Knoop 15T Scale, 0T Scale, 45TScls,  Anorimate
Vickets Scale, Scala, 1 : v
M e tamess SRR e Sy 60k s S I A et
. ~ Tmber 10-mm Ball and Over B Yo, Vel gt gy
m Penelrait {1.588-mm) Bal (1.588- (1588 (1558 fa)
) mrl8a  men) Bl ) Ba
) - - ) 214 752 12 ats - A8 -
3 - - e 0 T*E ik B ] as | .
2 - - 8 25 Mo 704 %3 26 -

A This bble gives the approvimate Inferretaionships of lardness values and appravimate tensie strength of ttess, X ks possiiie that steeks of varkess composlions ar.
processing histories wil deviala In Ramdness-dersde sirength relationship from the data prasenied In This table. Tha data In this table should nol by used for austenl.

. stainkess sleels, but have been shown Yo be spplicable for leniic and martensiic stainiess siesis. The data in this abie should ot be Lsed 1o 3utabiish a

refabionstir
mmmmmwdmmmm«myﬁummmmmumwhmm
ootrposition, beal ireatment, and part.

TABLE 4 Approximate Hardness Conversfon Numbers for Austenitic Steets (Rockwell C to other Hardness Numbers)

6 Seale, 1504t A Scale, ok Rockwel Superficlaf Hardness . . . ..
Load, Damocd Penetrator Load, Diamond Peneralor 150 Scala, 15kgt Load, 30N Scale, 204k Load, 45H Scale, 45-kgf Load,
] Dtamond Penatrator " piamond Penlatar Diamond Pendatrator
] 744 . M1 66.2 - 521
A7 f<X] 213 653 509
“© 724 8t 645 Q8
45 729 526 616 w7
A4 1 724 621 8.7 - ArS
L] 75 ai6 618 64
42 : HA 810 610 452
41 ns 805 60.1 .t
40 i 704 80.0 £92 a9
N 699 795 584 ELR]
38 693 790 57.5 07
w 60.8 785 566 .96
Y €83 70 5.7 B4
3 €78 s 549 73
Ja 673 790 540 ¥*%1
kK] 654 765 831 Tas0
1z 6.3 759 . 523 a9
3 656 754 514 AT
i} 653 748 50.5 L6
re] 648 744 435 04
28 649 739 488 203
2r 834 734 479 282
26 ) 633 129 410 210
25 528 724 462 25.9
2 i 623 s 453 249
Fe] 618 73 aud bY]
n . 61 1m0a 435 n5
21 60.6 703 a7 R 213

20 - 603 628 418 202
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TABLE 3 Apmmmtemmmdonﬂmmmmww B to gther Hardness Numbers)
8 Rockwell Supedictl Hudnass
00 — Binel Knoop Rocortl A~ Rotkrelf (57 Gcale, 30T Scav, 45T Sotle.  acoinata
wflod e | L0 Hacdness, Hardness, o’ ey 154l Bt L Terths
n (1568 ockgliload, 503gilosd s gt Load, Load, Load, Strooihy
iy Nurbet o Bl adOver M 0Bmond  lasd Vel y,q wen vel o)
gal Persialor  (1588mm) Bl ¢ cpa. (1568 (.58
mm) Bl mm)Bad om) Bl
00 240 260 25t 615 - 93 (51§ 29 116 (800}
9% 24 <] %5 60.9 - 248 ©7s nsg 14 [785)
98 8 4 249 602 - 95 LI 09 109 (T50)
91 bl ] 236 595 - §2.1 at1 639 104 (785}
06 216 218 b<)l 509 - o148 804 629 102 (105)
95 210 210 2% 543 - 9ns 198 €73 100 {590}
o 205 205 = 578 - 912 781 669 93 (675)
] 200 00 216 570 - 908 784 659 o4 {650
® 155 195 m 564 - 205 778 648 a2 {635)
91 1) 1% 205 550 - 902 7 8 90 {620)
90 185 185 201 $52 - B9.9 764 628 29 {615}
89 180 180 19 546 - 895 758 618 83 {605)
-5 S8 - — e - 102 - 540 — e —— 892 75V..._.608 ... . B6(590)
(] 12 1 188 534 835 744 598 B4 (580)
85 163 189 124 524 2 88.6 738 13 ] #3570
8 165 165 1% 529 . 882 721 57.8 82 (565}
[T} 162 162 176 517 - (T4 724 568 a1 {560}
[~ 159 158 i3 R (343 ns 55.8 80 {550)
[ -] 1% 156 170 506 873 711 S48 77 (530)
a 153 153 167 500 - 869 704 538 73 (505)
o 150 €0 164 495 86.6 607 528 72 {495)
7% (L4 r 161 49 853 69.1 518 704485}
7 144 144 154 484 B5.0 684 0.8 £3 (475}
bii 141 141 155 479 A 856 77 499 68 {470}
76 133 139 . 152 43 1 853 61.1 484 67 (460}
t T 137 137 150 %8 LX) 850 B64 478 66 (455)
™ 135 135 147 463 99.1 [.Th] 657 458 65 (450)
n k-] 132 145 458 9.5 843 65.1 458 64 (440}
72 130 130 143 453 98.0 840 644 aa 63 |435)
T 127 127 14 “ua o%4 837 637 438 62 {425}
70 125 125 139 43 96.8 834 6.1 424 61 (420}
69 123 123 % 428 952 830 624 ae 50 (415}
[ R Y11 121 135 433 5.6 B2 617 408 59 (505)
67 ne Hs 13 4238 95.1 824 510 39.8 8 {400}
[ ur 17 -1 423 o5 . a0 604 387 57 (395)
33 us s 12 a8 939 818 $9.7 371 56 {303)
54 it 114 27 14 934 814 590 367 -
6 12 HF 125 w03 28 Bi.1 S84 357
62 10 1o 12 404, 922 80.8 sT.t uzr
61 w08 108 22 400 97 . 205 57.0 3az -
&0 wr 107 10 5 9t.1 80.1 56.4 327 -
59 106 106 13 390 %05 798 55.7 357 -
58 104 104 1 ns 90.0 T95 550 307
3 L] 103 15 2 694 192 544 23
5 10t 101 HE ar 88 7.8 53.7 b2
55 100 100 12 az 832 785 530 277 .
54 . EH] %8 877 182 524 267
4 - 1o %3 a1t 79 517 257
52 . — 109 39 865 715 51.0 247
51 . 108 355 85.0 2 50.3 237
1] - 107 50 854 169 97 k-2 -
L3 - - 106 us . s 766 490 217
@ 1. _ 105 TR | 843 762 apa X -
- a7 - 0 17 87 759 a7 197
“® Lol - 103 na 831 156 410 1%
45 . - 102 »e 86 153 463 W
™ s 101 24 820 749 ‘7 167
43 - 100 20 na 46 450 151 -
2 _ % ne 8.8 743 aal "z -
aQ — % 312 803 740 97 136 -
49 97 07 ™y 736 a0 126 -
a9 - % 03 bR 733 23 1ne -
T} - % 299 78.6 720 as 106
L — 84 Hns 00 121 410 95 -
% - - .0 0.1 T4 723 43 .13
s - - 7] ny 169 1240 396 15 -
M - .. Ll w2 763 "y 390 66
_» - - % 778 157 T4 303 56 ~




TABLE & Brinefl Hardness Numbers®
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{821 10 mm in Diameter, Applied Loads of 500, 1500, and 3000 kgf)

Daametar  Brined Hardoess Number

Bcine® Hardooss Humber  Diameler  Brinel Hardaess Numbet

135

) Brinel Hardness Mumbe -
of indenla- b of )ndenta- Dlametel .
e g 00 1500 2000 ofpgersa- 500 1500 WO om0 1500 3000 gidenta- s&o- 1500 3000.
ioad - koad  Load Lead toad  Load - Load¢  load  Load toad \oad  Load-
200 158 i3 M5 260 w6 278 558 320 805 1 380 24 V4] s
201 155 468 936 251 93 6 55 321 1 10 351 am @2 12 B.3-
202 15 463 926 262 911 M sS4 1z 98 M 359 282 420 26 252
203 i53 459 97 263 [ U S 323 594 T 356 s a7 15 =0
204 151 454 ‘504 264 897 :¢ 51 324 558 i 354 am aHs 12 24
205 150 450 893 265 890 267 534 325 46 116 352 385 419 124 248 .
206 g M5 890 266 24 25 5% 326 83 11 3 386 411 1 e,
T 4T M a2 267 arT %63 5% 327 19 Y 367 49 12 45 ;
208 145 A7 L7} 258 o0 2 52 328 515 113 M8 388 406 12 F21
209 [T & 865 269 864 B¢ 518 329 12 1R’ M 389 404 11 242
210 149 428 856 210 857 25T 544 % 568 170 At 390 @2 21 .24
2N 4t 24 848 n 851 25 510 331 565 168 3 L1} 400 120 248
212 He 4 80 232 atd4 253 507 axn 5.0 168 337 1% 398 119 2
PAE] 139 416 57 27 g8 70 503 31 558 167 335 393 396 N9 27
244 137 A1 824 2 812 250 499 234 554 166 31 354 34 1B %
-2 136 - - 408 8z 235 B26 - 248 495 — 335 .- 851 65— 31— 395 WA U7 __2%.__ :
236 135 o4 809 2176 819 246 . 4% 236 LU T T R | 336 389 M1 M
21 134 dor 802 237 B3 244 488 337 44 163 3% 97 87 e . .2i
248 1 3 M 278 808 4T a8 338 54 162 425 398 B85 ne 1)
213 13 39 187 219 BOZ 240 481 139 538 161 m 199 33 1S 20
220 10 3% 780 286 796 @ 47 340 534 160 321 400 381 . 14 2
221 129 38 772 281 190 T AN 341 51 158 319 4n 79 M4 z8
222 128 383 765 282 784 DS At . 342 528 158 27 402 Er S T b
f#2] 26 39 758 283 2k T« R T} 343 825 157 Ms 403 s N3 5
224 125 3 52 284 A 232 . M 22 156 23 aM a7 2 224
225 124 a2 745 285 768 230 46t 345 51 i% 3N 405  ATAT M TR
226 123 369 718 286 %62 29 457 346 515 155  3mM 406 e Iy =
2r 122 366 2 2.67 757 T 45 347 512 158 07 407 ®8 Ne 2
228 21 363 s 288 751 225 451 345 08 155 M6 408 36 10 219
2% t20 J59 719 269 6 a4 349 506 15 a0 409 %4 109 218
230 e 355 212 290 FR 22 4 350 503 151 302 416 362 109 a1
b)) " as3 706 291 s 2 LET 351 %o 150 200 an %0 108 215
232 n7 3% 700 2% 730 219 4m 352 497 1y 208 4.2 356 - 108 215
2.3 ne 347 624 253 725 218 4% 353 494 14 297 4.3 357 07 214
2.4 us 344 588 254 720 216 4R 354 492 147 235 IR7] 355 106 213
235 14 Mt 682 295 TS 05 429 345 489 147 233 415 53 106 212
236 13 258 676 29 710 23 4% 356 486 146 292 416 35.1 w05 2u
237 12 4 570 291 ns 22 4% as? Wi o1 290 “z 349 105 218
238 ur 397 55 298 01 210 420 358 480 1M 268 a18 Mus 14 29
233 1o 0 £59 259 €36 209 417 359 477 14 288 419 uE 104 203
240 109 327 553 o 69.1 7 418 360 ars 14z 785 420 a4 103 - -
241 g M 648 304 6 206 42 36 a7z 142 w3 421 Mz 19 205
242 W97 322 [7¢] 262 682 205 409 362 469 m z82 4z M 2 204
243 1w 8 637 109 677 203 406 363 6.7 M0 20 423 3139 W2 2N
244 05 are 632 I 673 Xz 404 164 %4 19 278 424 n7i o 202
245 o4 33 [+74 305 68 200 401 365 461 a7 425 BE 1M 201
246 104 aur &21 306 664 199 398 366 459 18 278 az B4 100 200
247 " 308 616 2.07 6553 199 395 267 456 137 21 427 w2z NI B
248 N a2 306 &if 2.08 855 1% 93 368 s 1% 428 s 992 V8
249 101 303 605 kY] B50 195 3% 389 a5 135 n 9 429 538 1®
250 100 a0 30 6456 194 M aw @43 13 269 43 128 98I A
251 94 28 597 an G2 199 288 an “ue M 8 431 26 9B 1%
252 856 296 592 LR} 638 L] 383 a2 “4 1 s a2 na 913 1%
253 918 24 587 213 633 1% 380 373 al 12 265 in 323 368 1
254 gl W SBR 350 529 9 a8 374 a3 @2 253 o 32 o954 193
255 w3 e S 315 625 188 T ¥ 435 262 435 20 9L @
25 s w7 73 16 62.1 185 I are ad w0 (% 318 955 19t
251 %18 2/ 56 7 §1.7 W AN 77 31 1 25 ) 7 e 1%
258 840 B2 564 318 613 184 368 278 29wy 28! 43 5 945 e
259 %13 w0 560 g (L] 18 366 218 4271 128 6 39 N4 941 188
140 A2 WE w7 LT3 73 638 0 $.10 178 S35 107 635 40 420 MO
441 3L 832 186 506 222 65 511 e 533 w7 636 120 418 87
442 9. 927 . W5 507 21 692 13 522 1% SRR |+ (3] 139 417 834
49 0B IS 5.08 20 6% 13 51 176 529 106 £.38 138 415 gl
au ao.'s\‘ 98 1M 509 23 686 17 ST 16 527 W08 639 138 414 m28
445 |5, 94 W 5.10 228 €3 137 515 175 525 105 540 127 412 825
446 30;1} 9o M2 S5 ny  an 1% 576 174 523 1G5 641 137 4Lt £22
447 02" %5 18 542 76 &Y 1% L% /] 174 521 14 642 136 405 89
LY.} 300 500 1680 513 25 fr4 1% s 173 519 643 126 408 #f
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TABLE A12 Recommended Practice fof Selecting Bend Test Specimens lor Steet Bar Products
Nore 1-=The kenigth of all specimens i to be pot less than 6 in. (150 ma). -
Nove 2—The edges of B specimen muay be rounded 10 a radivs pot exceeding Yis in. (1.6 mm).
Flals
Thickness, In. Vxh, in . T
fmen) fmen) . Recomemended Size
Uplo %13 ind ‘ Uplo ¥ (19). Full seckon,
incl Full sechion of machineg 1o not kess han -
Over ¥419) ¥ain, (13 mm} in widkh by tickness of )
Specimon.
Over ¥4{13) AY Ful secfion or maching b 1 by Yo I (28
by 13 mam) specimen from midway be-
tween cenlel and surlace.
Flounds, Squares, Hexzgons, and Octagony
— T e _
Between Parale Recommended Sze
Fates, in. (men)
Up 50 1% (368), ind Full sechion.
Over 1938 Machine k| by Yeia (25 by 13-mm) specimen
from midway between cenler and surface.

TABLE AZ.1 Wall Thickness Umitatiohs of Supeificlal Hardness Tesl on Annéated or Ductile Matertals

fot Steet Tubular Producis”®
(T Scale {¥ie-in. Bal)
Va3 Thickness, i (mm} Load, kgl
Ovee 0050 (1.21) as
Over 0005 (0.89) '
0020 and et 10.51) 15

“ Tha heaviest Soad recomimended fof & gven wal Brckness i generaliy used.

TABLE A2.2 Walt Thickness Limitallons of Superficlal Hardness Test on Cold Worked or Heat Trealed Materlal

for Steel Tubutar Products®
[ Scale (Damond Penetrator)) -
Wall Thickness, ia. (mm) Load. kgl -
Cver 0.035 {0.89) 45
Over 0.025 (051} ol
0.015 and over {038} 15

 Tho heaviest koad recommendéd lor a given wall tickness is generally used.

TABLE AS.Y Effect of Varylng Notch Dimensions on Standard Specimens

High-Energy Hegh-Enexgy Low-Energy
Specimens, it (1) Specimens, kil L) Specimens., bt (J)
Specimen with standard dmensions 760 =38 1030 = 52} W5+22(603:230) 1252 10{169 = 1 5
Depth of nokh, 0,064 . (2.13 mm)* 722{97.9) 41.3(56.0) 11.£{155]
Depth of nolch, 0.0805 in. {204 mm)* g Q2512 12£{16.8)
Depth & noich, 0.0775 in. (1,17 o] 76.8 {104.1 45.3(61.9) 127 (122
Depth of nolch, 0.074 . {1.57 mm)* 796 (1079 160 {62 4} 128 (173}
Radus 3t base of poich, 0.005 in. (0,127 me)® 723(%60) . 1.7 {565) 103 (14.5)
Radis atbase of nolch, 0615 . [0.381 men)® 80.0 (1085) 74643 150 (21.9)

“ Slandard 0.079 = 002 in. (200 = 005 mm).
® Siandard 0010 = 0.001 in, (0.25 = 0.025 mm).
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TABLE AL1 Prectices for Sefecilng Tenslon Test Specimens tor Steel Bar Products

av.din;thcwmghlptrhnwmhotspmmmponndsbyﬂ.l&]l(mwguon n. ofsla])otbydmdingﬂnngnpcrhmarfootormm
Wjuwugbtofncd 1 jn square and 1 flong)

E;
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mnm Wi, in_ {mm) - Hot-Roled Bars Cold-Frreshed Bars
———r
Fats
Under % {16) Up ko 1%(38), inct Full seckion by 8-in. {203-mm) gage N reduced secton to 24 {S1-mm) gage
: . fength (Fig. 4). length and approximately 25% fess Man
st Specimen widh, T
Over 1% (38) Ful secbon, of il o 1% in_ (33 mm) lﬂmﬁxedsecﬁmloz-i'l.gagcm
wide by &n. (203-mm) gage bength {Fg. and 1% in. wide. -
4}
%W 1% {1560 38), Up o 1% (38), ind Full section by 8- gage kength of ma- ¥ reduced Section fo 2+n. (51-mm) gage
exd china sandard ¥ by 24 (13 by $1-mm} length and approximately 25% less thin
gaga lenggh specimen brom ceintet of sec- fes1 specimen width o maching standard
- - — - Eaffgs . _ %iby2n {13 by 51-mm] gage length
specwmeeny rom center of section (3. 5).
Over 1% {38) Full secBon, of mi 1% in. (38 men) width M reduced section o 2-in.gage length
. by 80 {200} gae lengitha {Frg. 4} or and 1% i widk or mathing slandard %
machire Standard Yiby 20, gage (A ty by 2-in. gage ength specimen from meg- -
S1-mem) gage kenglh specimen hom mid- way between edge and center of secion
way between edge and center of section {Fg. 5).
{Bg 5)
155 (38) and oved Fut section by 8- [203-mm] gage Machine standard % by 20 (13 by 51-
lengh, or machine standard ¥ by 25 mm) gage length specimen from midvway
{13 by 51-mm] gage length Specimen between surdace and center (Fig. 5).
from midway between surdace and cenler
{Fig- 5}
Ronds, Squares, Hexagons, and Oclagons
Drasmetat of Disance
Between Parafiel Hot-floled Bars Colg-Fimshed Bars
I Faces, i (o) 3
 Under %% Full section by B (203-mm) gage lengh on ma- Machine: lo sub-size specimen (Fig. 4)

% 1% (16 1 38), exd

chine $0 subr-size specimen (F. 5).

Full secton by BHn. (203-mm) gage fengih of ma-
chine standard Yzn. by 23n. {13 by 51-mim) gage
tength specenen lrom cender of <ection (Fig. 5).

Mathine standand Y i, by 240 gage lencih specien fom
ceret of section (Fig. 5).

1% (38) and over F1dl section by 8-n. {203-nm} gage length of ma- Maching standard % . by 2. {13 by 51-mm gage length
chine standard % in_ by 24n {13 by 51-4mm) gage spegamen bom midway betweth sirlace and center of sec-
length specimen om midway between surface and o {Fig. 5)). &
center of section (Fig. 5).

her Bar-Sie Sectons
Al sizes Ful section by 8-in: [203-mm) gage length or pea-

paze tedl spacimen 1Y% in. {38 mm) wide [ possbiz)
by B-n, (203-inm]) gage lengih

1 resored secion i 2 [51-mm)
prowt sy 25% less ihan W5 SIRirRAN v




Note 1—Since this tabl is set up for Bnite measurements o dimensions A and B, lm:!uisiubucpomd;hcnciﬂua{ow-i'sm.
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TABLE 7 Percert Shear for Measurements Made In Inches
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a
Diment- Dimerrsion A, in, .
:ﬁ 005 jow lo2fotedow |01 f 020 022 | 024 {0z |o0z8 o { 032 [ on | 03 | 038 | 0g
o5 ] o6 J o6 | st o[ e |2l ot ool oo [ | 6] ar | 86| 65 s | s
010 | 9 92 19 e ar 3 8 a2 al ™ wlw i 1 n 9 | &
012 95 | W 1] BG 85 8 81 byl 7 75 B n € 67 £5 1 x) 3]
0.14 94 a9 8% 2] a2 L] k) n n " 63 &% 1] 62 59 5 1'%
01 | s« 0 | 6| & k] n L ks 69 67 o | sl 59 S6 53 51 [
0ia 93 AS 8 80 FEA | ” 58 [ ] 62 3 55 £ 51 44 45 2
020 92 B4 [ 1} FF I ] n 63 65 1] 58 55 82 44 43 42 » x
o2 | M B2 fnlIs 3 63 65 61 s? 7] L Q 40 % k<) As
024 | 90 8 n n €9 & ] 7 54 %0 4% £2 38 M K] 27 a
026 90 19 5 n 67 [~ 5. 54 50 1] 41 k1 x 29 <] 20 16
028 89 7 ] & & 53 55 50 46 L n r 2 2 18 14 0
030 | 28 .76 i &6 61 56 52 a7 42 n » 27 b 18 13 9 k]
03l 8 15 hl &5 1] 55 50 45 1] 35 i) 2 20 18 10 5 L]

TABLE s Percenl Shear lor Measuremenls Made in Hllﬁmelres

Note 1-—Since this table is sct up for finite measurements o dnmcnsmn: A and B, 100% shear is to be rcpoﬂcd when cither 4 oc B is zero.

Dimen- Dimension A, mm
fwn 10 15 20 25 30 35 4045 S0 S5 60 65 70 75 86 85 90 95 1
10 %9 98 98 9 9% % 85 H 28 83 2 «° 9 9 %0 -] 82 %) &
15 9 % % 9 54 % 2 92 9 9 B 63 g7 BS b5 &4 83 B2 A
20 98 8 95 H 92 9 90 :H] 83 85 ES 84 82 a1 - i) i LT ]
23 97 95 94 92 -1 89 88 b5 2] 8 B1 8 7 w 75 13 72 FAUNN. -
10 95 o4 92 91 BI 87 85 83 N e o % T4 72 10 68 68 2] &2
a5 % % 91 B89 B7 BS 82 B0 MW Y6 T4 IT 6 67 65 63 61 58 S
40 95 92 9% B8 BS B2 80 W 5 T MW & 6 6 60 57 55 52 50
45 91 %2 BY B B3I . B0 TT 75 72 69 & 63 61 B 55 52 49 a5 4
50 94 91 &8 85 a - 75 k] L1 66 €2 59 56 5 50 47 44 41 xn
5577 93 90 8 83 ™S % T2 69 66 62 59 5% 52 a8 45 42 .8 -3 -
60 €© 6 8 & W M0 62 39 5 51 4 44 40 ¥ B W B
&5 92 B8 B4 BO M 72 BT 6 55 S5 S1 4 a3 ¥ I N A v N
1.0 9 &7 82 m 74 69 65 61 % 52 47 9w’ n 30 25 28 7 2
s 91 B& a1 7 72 67 62 58 53 48 < n M 30 25 20 1% 1 &
-89 % B 80 75 70 65 B0 55 - 0 45 s 3% 33025 20 15 W 5 0
. TABLE 9 Charpy V-Notch Test Acceptance Criteria for Various Sub-Size Specimens
Ful Size_ 10 by 10 mm % Size Wby 75mm % Sue Wby 6.7mm 3% Sue, 10 by S mm vSize, 10 by 39 mm @ ¥ige WGy I3 mm
ol 0] bl M - hat n foff H] it 0] -0 i3
0 154 30 141] z 137 20 (27 13 11g} 10 ]
s (48) . 26 135] 21 [31] 18 124] 12 115) g HE
0 141 22 [30] 2 123 15 fe0) 10 [14] 8 Iy
25 [£H] 19 126} 17 ] 12 18] 8 . 3 )
2 27] 1% 20] - 13 158) 1t f14) ¥ 0} 3 2l
16 122) 12 el n - 8 - 3 17 = &
15 [20] i 15} 0 115) [} [u1} 5 L] H 13
13 {18] 10 N4 £ n?) 6 a8 4 Bl 3 A
7 "6} 9 1t2] 8 M) 6 13} ] 5l k] 4
10 [14} 8 i 7 ne) 5 n J | 2 a
L L 5 Gt ] (L] 4 15) - 2 i3] : -

’
.
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TABLE 6 Confinuad

mm1mmdmmimm°;““m“msmmdm-m1mm
kgt kgl okl gamn M 0 M kg Rl ok g em M kg kgt
oad Lo load lad Lo Load losd Load  Losd wd  led  Load -

W 28 W7 U8 SW 24 B1 1M S N2 S17 W3 64 135 406 813
ey 28 w5 79 SIS 23 69 1M S f12  S\S U  b4S @5 405 610

ast 296 &8 I8 S16 W2 &6 1W S8 174 513 10 6.46 B4 4 807
2 BS 84 WT ST 21 3 18 SR 10 S @ 6.47 134 402
A5 2931 B8O 176 598 20 &0 12 SK 170 S0 @ 648 14 401 801
154 297 876 WS S13  219  BSB 1®R SM 169 507 101 649 133 299 M8
455 a1 82 174 520 28 655 13 585 168 505 10l 550 123 298 796
55 2893 BER w4 521 27 652 10 586 168 503 10 651 132 396 793
as7 288 864 U2 S;® A6 3 130 5/ 167 02 652 132 395
16 287 B6O 172 Sm T AE ST 129 S8 67 TS0 TS TESI It T g9 :
5. 285 855 1M S24 25 64 123 58 166 498 WS 6K 1 382 784
450 284 B854 170 525 24 641 128 5% 165 496 92 65§ 12.0 .
461 783 B4 170 526 213 69 128 5N 165 494 98 656 120 389
482 281 B4 18 52T M2 86 121 52 164 492 %4 657 129 338 776
61 60 840 188 528 241 63 127 5931 163 490 %80 659 128 387 .
a5t 279 BA6 W67 S 20 Bt 126 SM 163 488 9717 659 126 85 71
455 218 832 167 530 209 €8 126 5% 162 487 913 660 128. 344 .78
466 276  H29 166 S 209 626 125 5% 162 485 %69 66! 128 383 765
487 275 825 165 532 208 623 5 597 161 483 %6 662 127 381 72
468 274 B1 184 S 207 6.1 124 58 160 481 %2 663 127 380
469 73 BB 164 51 206 618 124 5% 160 479 959 664 126 28
'R, 271 M4 163 53 205 G5 123 &0 )59 477 - 955  BES 126 37r 754
an 270 B0 162 5% 04 613 123 60 159 416 9.1 666 125 376
ar %5 807 161 sar 203 610 12 602 158 474 9B 667 125 35 F4S
an 268 803 161 533 203 8 12 600 IS? 472 M4 68 124 T3 747
N %6 798 150 539 W2 606 12 604 157 410 s 6.69 124 392 244

Az %5 796 Ise  S40 200 E03 12 605 156 468  WT 670 124 L Mt
4l6 s 7192 18 541 200 601 120 606 IS6 467 T4 6N 122 383 739
7 %3 189 158 542 199 598 120 607 155 465 930 672 123 368 736
70 %2 785 157 543 199 96 119 608 154 463 927 6.23 122 367 734
9 %1 ez 1% su 198 53 119 609 I54 462 NI &M 122 35 71
am 259 718 156 545 197 N1 N &I0 153 460 920 675 i1 364 728
45 %5 TI5 155 546 196 589 (18 6H 153 458 9T 66 1z 383 128
48 %7 Fia 154 547 185 556 ur .12 15.2 4587 913 617 21 362 723
4B %6 6B 15 548 195 %4 a7 613 152 455 910 618 2o Mo 724
4B 255 164 153 549 194 42 16 614 51 453 ®6 679 120 358 7B
455 24 761 152 550 193 519 16 EI5 U571 457 903 58D ne 358 FI6
186 2%3 ™8 i52 5% Wz WIS 616 150 450 Wo- 6 Wi 31 A3

a 251 754 151 552 192 515 1S 617 149 448 895 €52 22 35S T
488 %0 150 150 553 91§72 14 618 149 147 B33 983 D 284 08
45 28 ME 10 554 199 570 12 519 HE 45 san &3 #3353 06
49 236 744 143 555 189 358 114 ¥e] 147 442 w27 955 Hi 352 |
491 283 741 148 5.56 18.9 56 13 6.21 H7 442 - B33 585 B as5.1 01
(¥:3 <6 38 148 557 188 363 NI 622 47 a0 W@y 587 H§ My 899
K] 5 T35 147 558 187 %1 ne 6n 146 438 817 358 -6 M 696
AN 24 N2 146 5453 186 559 112 624 HE 4§74 589 N8 M7 694
455 M3 728 145 560 s %1 om 525 145 433 859 03 HE 832
4% 42 725 4S 561 195 %58 626 45 434 BT zey : MuS 539
487 21 N2 562 B4 552 e 521 144 432 Bbs M3 £37
i gan Ty 144 363 183 0 (L D] £22 144 13 23] 42 28
an k39 N6 1) 564 B3 8 10 62 13 2% L3 1§92
500 Mg T3 143 ses 182 36 W &0 M2 42F &3 Hp 0
M 21 N0 142 566 130 514 th N2 425 B2 £ e 8577
s02 36 W 567 w1 52 108 832 AR -2 B A 1 38 525
508 55 04 1@ 568 184 S0 R 51 11 422 @b S w5 &)

_SM 74 700 ™D 569 W9 83T W7 6M MO a1 B3 EE 95 £20

*Prepared by tha Engineering Mecharcs Section, Instituie lor Standards Technology.
3
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JABLE 26.1 Carbon and Alloy Steels—Materlal Conslant@=04.  VABLEAS2 Aanealed Austenitic Stalnless Steels—Maerfal

Muttiplication Factors for Converting Percent Elomgation from Constant & = 0.127. Mulipllcatton Factors for Converting Percent
v-In. Dlameter by 2-in. Gage Length Stendard Teaslon Test Elongation from Yrin, Mlameter by 24n, Gage Length Stsadard
spedmenloStandam%byZ-h.mdeyNn.HalSpedmens Tenston Test Specimen o Standard % by 2-n. end 1% by &n.

) oy Ty ] vy Flal Specimens
Thickness, 2 #n ""‘hw & Thooess Wy Y | pag 1%ty
n Specimen  Specimen ) Specimen ho 2, Bin, o e
—-——-—0 o ST _ 0500 oz Specimen  Specimen Specmen
009 05% - 0450 0sR 0025 0% - 0800 054
0005 0§H4 - 050 0841 003 064 - 0450 0543
0.0 0631 - .| o0& 0850 0.035 0857 - 0.500 0.947
0.045 0546 - 1.000 0859 0040 0564 - 0950 0.450
o0 0660 - - s 0.480 0045 0810 - 1000 0.953 .
0055 0672 - 1250 1650, 050 — OB e — |1 — O —— ——— —
£.050 0684 - 1315 0916 0055 0682 ko 1250 0.9%6
0.065 0695 - T 1500 092 0.080 0.056 ., 1375 91
oom oS . 165 07 0.085 0891 . 1500 0.978
0,075 or1s - .} tm0 0.951 0.070 0895 11 1625 0283
0083 (7] . 1875 09M 0075 049 = 1750 <097
0.085 o - | zomw 0387 0.080 0.903 . 16075 0.522
0.0%0 074z - 0.531 2125 09%9 . oA 09 - 20000 - 09%
0.1 0756 - 0542 2250 1010 0.0% 0.909 0810 2125 1.000
e o 0553 . | 215 1020 0.095 0213 - 0f21 2250 - 1pod
0120 0.786 0552 2500 10 0300 0.915 0523 2315 1007
0130 07% 0575 2525 1.042 010 0924 0828 2500 1.010
0440 Q810 050 | 279 1052 0.420 097 0833 2625 1013
0.150 082 0588 2415 1061 0.130 093 0.837 2750 1016
0.160 083 05% 3000 1070 014 0935 0841 2815 1019
o 084l 0603 3125 1419 0.150 0940 0845 3000 12
0180 0852 061D 3250 1,088 0.160 030 . 0848 U 10
019 0862 0616 3375 109 4970 0947 0852 320 1027
0200 0RY; 062 | 3500 LI - 0.180 0950 0855 s 1028
oA 091 0638 365 1z 0190 . 0IM 0458 3500 1032
! s asio 0551 1750 RI] 0200 0957 ..0B60 3625 404
0 0928 0664 3875 17 0.225 0564 0867 3750 1.005
0.300 0944 0575 4,000 R 0250 0310 041 3875 1038
025 0.95% 0636 . — 0.275 0976 0478 4000 1041
035 0973 0.69% 2 - 0300 0982 0483 - -
0l 0967 0706 = 035 - 0597 0887 .. -
0.400 1,000 0715 _ 0350 099 0592 - -
0.425 1012 oI _ _ 0375 0.9% 0895 -
0.450 1o TR N 0400 1000 ] -
0415 1038 07400 - 0425 1.004 0503 -
0.500 1045 0748 - - 0450 1.007 0906
0525 10% 0.3% - - 0415 100 0509
055 1.066 0162 - 0500 1004 0912 . -
0575 1075 o0 - . 0425 W 4915
0:600 5084 076 . - 0.550 1020 9517
0625 1093 0782 . . 0575 1023 5.920 y
0650 LIt 0738 - 0.600 1.026 0922 - _
0675 L1 - - 0625 108 0525 . -
0.100° 118 0.800 -~ - 0650 1031 0927
0 % - - - 0615 104
0750 (RN} 041t . - 0700 1036 noy
0325 103

0.750 1 3%
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. TABLE ARt Recommended Values for Roundiig Test Data
“esrOamity Fest-BotrRangy Rowwtsd Valggs——
" Yiekd Pokd, h up 150 000 psi, exd fup vo 50 3sf) 100 pst (0.1 ks \
Yield Strecnh, 50 000 ko 100 000 psl, exf (50 ko 100 ksi] 500 psi (0.5 ksi) -
Tersda Suengtr 100 000 psi and above (100 &sf and sbove} 1000 psl (1.0 ks)
' up to 500 MPa, exd 1 MPa
560 1) 1000 U402, extd 5P
1000 Mfz anvd above 10 MPa
] D% 10%, exd 05%
Bongaton 10 % and shave %
0 10%, axd 05% -
Reduction of Area 10 % sed sbova 1%
Impact Eneigy . 0t 240 Rbf {or 0 % 325.) 1038 {or 130
el Haddess— - - — T T — —lvalyes - - ToT o - tabutar valpe®
Rackwel Hardness all seades 1 Aockwed Mumber

* Round 15 data |0 the peares! inkegral multpla of the values i this cokuma. H e data vatus ks exacly midway between two rourded vakues, ound i 300ontang

wihAB.1.12,

‘Thﬁeuﬁsuemmmmmndhgmnhmmmrtalmwbtem(l Al = 13560}
€ Round the mean diameter of the Brinedl Impression (o e nearest 0.85 mm and repod tha comesponding Brinel hardness number read I the Labls without hathe

ounding. ’
TABLE A10.1 Heat-Treat Record-Essential Varlables
Master Production Producion Producton Producton Production
Forging Forging 1 Forging 2 Foeging 3 Forging 4 Forfra$
Program chat number

Time at lemperatura and ackual lemperaturg of
heal treabment

Time fram bornace 1o queach

Heating rale above 1000*F (538°C)

Termperature upon remaval lrom quench after 5
min

e

Orienfation of forging i quenth
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_F1G. 1 The Relation of Test Coupons and Test Specimens to
Rolling Directlon or Extenslon {Applicable to General Wrought
Products)
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FIG. 2 Locallons of Test Specimens for Various Types of Forglngs
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t

l 4

A Muachined Sunfice T8 100m Minittam

B Original 00 Suclace 13.5 axra Maxicousen

T Specimen Thickness Figure 11
1 End Thickness % T Minkmum

Hotch
- . - Shear Area | /_ AL L
(duir) —uo |
Cleowuée- Area _E .
‘ tshioy) ——F /) _l

A ]

" Now 1—Measwc average dimensions A and 8 to the nearest 0.02 in. oc 0.5 mm.
Nomwe 2—Determine the percent shear fracture using Table 7 or Table 8.
F1G. 13 Determinatlon of perceat Shear.Fracture

TN O

—_—

Lo =2 ° H v
NiNIY, 8
e,

% :

. FIG. 14 Fracture Appearance Charts and Percent Shear Fraclure Comparator
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25mm ~33em Sm 6.Tmm —T.5mm
f0.098 in. l {0.130ia) ‘1197%.] 0264 n.l 0295 1a)
| “1 =
0 mm
R 0.394 ) g
- - A L2 mm (0.079in}
Note 1—Permissible vadatons shall be as follows:
Nokch lengh 0 edge 50 =2*
Adjacedt sides shatl bo at 20" = 10 min
Cross-saction dimensions =0.075 aen (20,003 in }
@ Langh of specimien (L) +0, - 25 mm { +0, - 0.600 h}
bt Cenisdng of natch (L12) +t mm (0039 I}
e Angfo ol notch =t
b Radus of noich =0.025 mm (£0.001 in}
Holch depth *0.,025 mm (£0.005 in}
Firssh requirements zu-n(&m)mnddwmew
opposia
lace; 4 pm (125 ) on clher two
- " A _ ™ @ sudaces e _
{8} Standard Fuil Slre Spectmen
I : b
/ Strala i
—ut e ! an
o ol i | Vo o
omz=Specified Offsef = Lo G\ WA
FIG. 9 Stress-Straln (lagram for Delermlaation of Yield Strength el Py frel PP
by the Offset Method
7/ S red 0337 Note 2—On subsize specimens, all dimensions and rolerances of the
—_— standard specimen remain constint with the exception of the widih, which
. varies as shown above and for which the tolerance shall be =1 %,
STRIKING EOCE 0,23 ma 4 DO (b} Standard Subslze Specimens
e ial31°]
AG. 1l Charpy (SImple Beam}) knpact Vest Specimens
SPECILEN f
» (]
e
L] Ascya
00397

777
7]
sHonn ﬁ\”""
S
3 . F:ﬁ‘;
P

_-lL"M—i

AN Gmensional tofarances sha® ba =005 mm [0.002 n} unless stherwise
Specifind, H -

Nore |—A shall be pacallel to B within 2:1000 2nd coplanar with B
within 0.05 mm {0.002 in).
Noie 2-—C shall be pacallel to D within 20;1000 and coplanar with D
wihin 0.125 men (0.005:0.).
tere 3—Finish on afaimrked parts shall be 4 pm {125 pin).
F1G. 10 Chiarpy (SkmpleDeam) kmpact Test

i

‘.\....—" .

HEY
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A
DIMENSIONS
Spacimen { Speckmen 2 Speciman 3

n mm fn, men n. men
G—Length of paratiel Shatl ha aqual b £ greater fhan damater O .
D~Diameler 0.500 £ 0.010 1252025 0150=0015 2002040, 125:0025 300 x0f
R —Radis of fl, mi 1 25 1 25 2 50
A-tengh of reduced secsion. min % 52 1% 3 . o 8
L—~Oves of fesigh, min o 32 % K 100 - % 150 :
s P Y NN M b —— (g == — g — — = = -
C—Diameter of end sechon, approrimate Y 20 1% e 1% 4
E—Length of shoulder, min =~ Y 6 Vi 6 - Yoo 4 -
F—Diameter of shoukder T 1602 040 Wietthe 2402040 V=% 65204

Nome 1—The reduced section and shoulders (dimeasions A,_D, E, E G, and J} shall be shown, but the ends may be of any formto. 6t the holders
ﬂncksungmadxmmsuduwaytbaﬂne]ozds!nllbemal Commonly the ends ar threaded and have the dimeasions f and C given above
FIG. 6 Sfandard Tenslon Test Specimens for Cast lron

0
____________ v/ Wl | V
R 4
i
1
P I ——— 1
1
i |
t :
l = 1
I\ n g
w 1
- I% g '
- |tL- w :
- I= ’ !
w
E :
| '
| 2
L}
i Steoln ;
Stroin * ] I _’:m
0 m - omz=Specified Extension Under Loced
FIG. 7 Stress-Straln Diagram Showing Yiel P2int Comesponding FIG. 8 Stress-Straln Disgram Showing Yield Polnt or Yietd
\ with Top of Knee , .

Strength by Extenslon Under Load Method



147

h:a370
S i == O R S i 51 M
1 i Hiig ¢ - Yt —0—rF c-—--._;}—
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foF——% =]
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i
" ¢ R . -
. BAMENSIONS
= _ _. _Spthmenl _ _ Spedmen2 Spedimend _ Spedmend  Spedawen$
n mm R mm b mm O mm in. mm
G—Gage lengh 2000+  S00* 2000% S500% 2000+ 500 2000 S00 = 200%  509= - .
0005 0.10 0. 040 0.005 o.100 0005 010 0.005 0.10
p—Diameter (Nots 1) 0500+ 125+ Qsodx f25s 0500 = 125+ 0.500 = 125% 050)%  125%
) 0010 025 0.010 025 0010 025 0010 025 omo 025
A~Radius of [Bet, mn % 10 % 10 - Yia 2 % 10 ¥ mn
Al engttr of reduced 2% mn EOmn Yimn S0,mn - dap  100ap 2V, min 60, mn  2v, mn 60, min
sechion prow- proxd-
. malely  mately
L—-Orvoi-all langth, approsimate s 125 5% 140 5% 14 [ 120 % 240
. B-Grip section T W, ep 35.8p- t.ap- 25, ap- ¥ ap- 20, 8p- %, ap- 13, 3p- 3, mén 75, mn
Nolo 2] - peoxd- prorl- peoud- prodd- proxd- prox- proud- plox-

- - mately  mately  mately  mately mately  malely mately malefy .
C—Dumater obend soction ¥ 20 Yo 20 e L] T 22 £ 20
E—Length of shoulder and L _ Y % L . % 2 % 16

Iie}somon. spproximate LN
F—Diameter of shouider - . % i6 - —_ £ 16 Wa i ]

Nore 1~—The reduced seclion may have 2 p‘adualupcr from the: ends toward the ceater with the eads not more than 0.005 in. (0.10 mem) lasgec in
diameter than the centec

Note 2—On Spocimen 5 it is desirable, il passible, to make the leogth of the grip section great enough 1o allow the specimen to extend into the grps
a distance equal 10 two thicds o more of the length of the grips.

Noe 3—The types of cods shown are apglicable for the stndard 0.300-in. round fension test specimen; similar types can be used forsubsi
!pemncm’ Fhe use of UNF series of threads (Viby (6, %2 by 0, ’A by 24,apd Yaby 28) is suggested for high-strength britile materials to avoid fracture
in the theead portion.

FIG. 5 Suggesied Types of Ends for Standard Round Tenslon Test Speclmens



148

@ a370

_ ___[_—_ej_q__’m@,;

B | e— —Vv
4
DHAENSIONS
Standand Specinen Small Sira Specimens Proportional ko Standard
Nominal Diameter in mm in an in. [ n. _ tm i mm
0.500 125 0350 A.75 0.250 525 0.160 4.00 0.113 250
G—Gaga length 200 500 = 1_.4001 B0 1000 250 0.640% 160 > QA4S0 = 100+
0.005 210 0.005 0.0 0005 010 0005 010 0005 o190
O—Diamates (MNota 1) 0500 125+ 0350 815 = 0250  £25*  OIRD* 460 = 0l13= 250 *
0.010 025 0.007 0.10 0.005 012 0.003 008 0002 048
R—adus of el min £ i0 Ye (] Yo S T ] ¥ -
A—Langth of reduced saction, 2v & i 45 1% n % 2 % 16

-

Note 1—The teduced soction may have a gradual taper from the ends toward the center, with the ends not more than 1 percent Tasger Tn diamcter @
the ceoter {contralling dimension).
_ Note 2—f desired, the length of the reduced section may & be increased to accommodatc an extensometer of any convenient gage lengthe Rc.t'ctu
marks for the measucement of elongation should, peverthieless, be spaced at the indicated gage kength.
~ Nawe 3—The gage length and fillets shall be as shawa, byt the ends may be of any form Io fit the holders of the testing machine.in.such.a.way
the Yoad shall be axial (scc Fig, 9). 1f the ends arc to be beld in wedge grips it is desirable, if possible, to make the length of the grip section great eno
10 atlow the ‘spacimen (¢ extend into the rips a distance equal (o two thitds o more of the length of b gips.
4—0n1hcmundspocimcnsinﬁg 5 and Fig. 6, the gage tengihs are equal to four times the nominal diameter. Tn some product specificat
i specimens o1y be provided for, but unless the £-to-1 ratio is maintained within d':mcnmml tolerances, the eloagation values may not be comparz
with those obtained from the standard test specimen. 5

MNore 5—The use of specimens smaller than §250-in. (6.25-mm) diameter shall be cestricted to cases whea the material to be tested is of insuffic
size lo obtain larger spocimens o when all partics agree W i use foc acceptance lesfing, Smaller specimens requice suitable equipment and gre.
skill in both roachining and lesting. -

More 6—Five sizes of specimens often used bave diameters of approximately 0.505, 0357, 0.252,0.160, and 0.113 in,, the reason being to pormite
caloulations. of stress from boads, sinee the comesponding cross soctional areas are eqoal or close to 0.200]°0.100, 0.0500, 00200, agd 0.01007
respectively. Thus, when the actual diameters agree with these values, the stresses (or strengths) may be computed using the simple multiplying fac
5,10, 20 50, and 100, respectively. (The metric equivalents of these fixed diameters do rot result in cormespondingly convenient cross sectional area
muldplying factors)

FIG. 4 Standard 0.500-In. (Izs—mm) Round Teaslon Test Specimen with 2-a. (50-mm) Gage Length and Examples of Small-Size
Spec!mens Proporiional to the Standard Specimens
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DIMENSIONS
Standand Specimens Subsize Specimen
Paie-Typa. Sheel-Type,
15k Vide Y. Wil Yo, ¥ida
n . mm n ' mm in mm
G-Gageleogth (Notes 14,d2)  B00=001 2002025 200020005 500=010 100:0003 2502008
PV (Motec ], 5, and 6} H+ R 0+3 0500 + 0010 125025 0250 = 0002 625005
T -% -6
T—Thickness (tola 7) hdmesdmlenal‘
R-faidus of fidel, ndn {ow 4 3 13 Ve 13 Ve [
Lp-Over-a8 length, min (otes 2 and B) 18 450 8 200 < 100
A-Leagih of roduced section, min 9 225 2% 60 1% a2
BLength of grip seciion, min (Nols 9) 3 s 2 50 1% hrd
C-Widh ol grip section, approdmals 2 S0 ¥ 20 * 10
fiotes £, 10, and 1)

Nare 1—Foc e l'A-m.(ﬂmm)mdcspodmcn,pmchnudsformwﬁngdmgaﬁmaﬁuﬁacwcslullbcmadconﬂnﬂatoroulhccdgcolﬂ:c
specimen and within the reduced section. Eﬂnzsdo(mncotmp.mhmarts 1 in. (25 s} 2part, o one oc more pairs of punch marks § Tn. 200
ava) apart nuy be used

Nowe 2--Fox the 'lx-m.(llj-mm)wdcwmgagcmuksformwumgthcdongmqnzﬁuﬁwmshaljbcmadcondn'&-uxh (12.5-ram} face
or oa the adge of the specimen and withia the redisced section. Either 2 set of theee oc more marks 1.0 ta. (25 mam) 2p2t o 0o¢ of mote pairs of marks

.Im.[SOmm)apmmaybcusad.

Note 3—Fox the theee sizes of specimens, the ends of the reduced section shall vot differ in width by moce than 0.004, 0.002 or 0.001 in. (0.30,0.05
or0.025 rum), pespectively. Also, Biere may be 4 gradual decrease in waddh from the ends to thie ceter, but the width at cither eod shall ot be more than

0015 in.. 0:005 in., oc 0.007 in. (040, 0.10 oc 0.08 mm), respectively, larger than the width 2t the center.
-~ More 4—For each specimen type, the radit of all fillets <hall be cqual o cach other witha tolerance of 0.03 fa, (1.25 mm), and the ceaters of curvature

dhmﬁlklsatapamculualdshﬂlbclouwdmlm each other (on 2 line perpeadicular to the centerline} within a tolerance of 0.10 in. (2.5
).

Note 5—For each o(d:cmmcnmo[spocuncns namower widths { WindC)maybcuscdv-rfmnmmy In such cases the widd of the reduced
section shoatd be 2s Yarge 35 the width of te matesial being lested permits; hawever, unless stated specifically, the requireraents foc clengauon in a product
specification shall noupplwamthcscwmwaspmumsutmullhcmdmo[mcma(mal is less than W, the sides may be paralfel throughout
the kength of the specimea.

" Nove: 6—The specimen may be modificd by making the sides paallel throughout the Length of dic specimen, the width and 1oferances being the sime
asthose specified above. Whien necessary & nacrower specimta may be used, in which case the wdmshwldbcasgrmaslhcvndthom:mlcmlbcmg
ksied permits. U the widh is l'/zm.mmm)orlcss.dws:dcsmaybeparﬂkl throughout the length of the specimen.

Nore 7—The dimeasion T is the thickness of tic tegt specimen as provided for in the applicable material specifications. Minirum nominal thickness
of 1¥ein. (40-mm) wide sporimens shall be Yis in. (5 mum), except as peamiticd by the product specification. Maximum pominal dickness of Yrin.
{125-am) and Ve-in. (6-mm) wide specimens shall be ¥iin. (19 mmj and ¥4 in. (6 mm), respectively.

"Note 8—To aid in obtaining axial loading during testiag of Yein. (6-mm) wide specimens, the over-a!l kength should be as the materiar wiil permit.

Fere 9T is desirable, 3 possible, 1o make the length of the grip section farge enough to aflow the specimen to exterd into the grips a disiance equal
1o twro thisds o moce of the kength of the grips. If the thickoess of Y-in. (3-mm) wide specimens is over % in. (10 mm), langer grips a0d correspondingly
kanger grip sections of the specimen may be necessary #6 prevent failure in the geip section.

Nore 10—For standard sheet-type specimens and subsize specimens the eads of the specimen shall be symmetrical with the center line of the reduced
section within 0.01 and 0.005 in. (025 and 0-13 mm), respecsively. However, for steel if the ends of the Y-in. (12.5-mm) wn:lc:pctuncnntsymlrul
witkin 0.05 in (1.0 mm) a specimen may be considered nnsfacloq for all bt eeferee testing.

Note 11~For standard plate-type specimens the ends of the spocimen shall be symmetrical with the center line of the reduced section within ¢.25 in.
{635 mm) except for referee testing in which case the ends of the spocimen shall be symanetrical with the. center linc of the feduced section within 0.10

@ (25 mm). "

FIG. 3 Rectangular Tension Test Specimens

2N
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FIG. A34

’ i \ Pacofial Section |-
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2*10905" Cage Leaglhfor
Elongatwn afier Fragiure

Note 1—Metric equivatens: | in. = 25.4 mm.
* FIG. A3.3 Tenslon Test Specimen tor Ball with Turned-Down
Shank

[
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1400720003
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Reduce Section

0251720005 Rod Lenin
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Gage Lengin
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N

Note [—Metric equivalent: Lin. = 25.4 mm.

Standard 2n. Gage Length Specimen

A A A,

Examples 6f Small Size Specimens Proportional to

FIG. A3.5 Location of Standacd Round 2-in. Gage Length Tension
Test Specimen When Tumed from Large Size Bolt
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Note 1—Metric equivalent: 1 in. =254 mm. _ )
Pipe Wall Thickness {8, in. Tes Specimen Thickness,
U oA, Ingt : !

FIG. AZ.13 Transversa Face- and Root-Bend Test Speclmens
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= then t excesds 1§ uic ope of the following:
1. cut along line indicated by wirov. Dige
say be {1t cut and may o7 way ot be
aachined,

. Specimens msy be cut fate dpproximately
equel sesips between 3/¢ In. and 1% ia.
wide for testimg or the specibens may be
bent st full width [1ee reguirements on
jiq vider in Flg. 32)

Nore 1~-Metric equivalent 1 in. = 25.4 mim,
FIG. A2.14 Side-Bend Specimen for Ferrous Maledals
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F1G. A2.9 Reverse Flattening Test

| o i e o e 2 o

. A2.10 Crush Test Specimen
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Mote 1—The dimension ¢ i the thickness of the test specimen as
", provided forhﬂtcappﬁabkmuuidspedﬁadons}
Nave 2—The reduced section shall be paratlel withia 0.000 in. and may
*_ ‘baye 2 gradoal taper in widih feom the cads foward the ceste, with the
ends not more than 0.010 to wider than the center, ([
* Note 3~The ends of the speciinen shall be symmetrical with the center
line of the roduced section within 0.10 1o '
Nowe 4—Metric equivalent: [in =254 mm.
FG. A25 Transverse Tension Test Specimen Uachined from Ring
Cut from Tubular Products

Hydequtic Presswe Lina

HG. A26 Testlng Machine for Determnation of Transverse Yield
Strength from Annurtar Ring Spechmens

FIG. A2.7 Roller Chaln Type Extensemeler, Unclamped
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Nore |—The edges of the blank for the specimen shall be cat parailel
10 exch other’
FiG. A2.2 Lacatlon of Longiudinal Tenston-Test Specimens In

oL oL . Tublng
0
gedtr_:td 5
I echion | I n.Min
|a - Ay o— —;}«l—-"———
< Iaoa' it Min
Gage
Length
DIMENSIONS
s Damenstons, .
. pecknan No.
V4 A 8 C [
1 Y% = 0015 YW approximately 2 £ 0.005 2% min
2 ¥e x 0031 1 approimalely 2 £ 0005 24 min
4 >0.005 A¥amin
3 12 0.062 1% sppeodimatoly 2 2 0005 2% rla
4 = 0,005 4%y min
4 %% 2 approdmalely 2 = 0010 2% min
£ =0015 4¥mia
a8 + 0020 9 min

Note 1—Cross-sectional ares may be caleulated by multiplying A and £

Nave 2—The dimension £ is the thickness of the test specimen as provided for in the applicablc'n}zluid'spdciﬁntions.

Nove 3—The reduced section shall be paralicl within 8.010 in. and may have a gradual taper in width from the eads toward the ceater, with the cnds
oot moee than 0010 in, wider than the center. ’

Nove 4—The ends of the specimen shall be symmetrical with the eenter line of the reduced section within 0.10 in.

Nore S5—Meuic equivalent: | In = 254 mun,
Note 6—Specimens with sides parallel theoughout their kength arc permitted, except foc referce testing, provided: (a) the above tolerances are used;
(b 21 adequate number of marks are provided for detemination of elongation; and {c) whea yicld strength is determined, a suitable exteasomeles is used.
1f the fracture oodurs at a distance of less than 24 from the edge of the gripping device, the Lensile propertics deicrmined may not be ropresentalive of
the material, If the propeties meet the minimum requirements specified, 0o funher westing is required, bt if tey are bess than the minimum requisements,
discard the tost and retest

O=

AG. A24 Location of Transverse Tenslon Test Specimens n

Ring Cut from Tubuta? Products.

o FIG. A23 Dimensions and Tolerances for Longtudinal Strlp Tenslon Test Speclmens for Tublng
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" FIG. M.2 Snubbing-Type Gripping Device

The American Society lor Testng and Materials lakes no posiion fespecting Fie valcfty of any patent ghts asseded i1 connection
with any ffem mentioded in this standard, Users of this standard are expressly advised that delemmnation of e validity of any sich
Patent nights, and the risk of infringement of such dghts, are enlirely their own responsibiy.

Thes standzrd i subject fo fevision al any time by the responsiie lechnical commiltee and muyst be reviewad every five yoars and
# nol revised, either reapproved o willidraven. Your commends arg inwiled eitherlor rovision of his standiard ot for addifonal standards
and shoutd be addressed o ASTM Headquaniers. Your comments wil recen carefid consideration af a meeling of B responsible
fechnical commitfea, whith you may atfend. If you feef thal your comments have nof received a lai hearing you shoold make your
views known [0 the ASTM Commitaa on Standards, 100 Barr Harbor Drive, West Conshohacken, PA 19426.

Ths $tandard Is copyrighted by ASTR, 100 Barr Harbor Drive, West Conshohocken, PA 19428-2959, Uinted States. ndvidua!
reprints (single or inetipfa coples) of s standard may ba oblained by contacting ASTH at the above addvess or al 610-812-9585
{phane), 610-832-9555 (fax), or senice @ astmany (e-mai). or trough Ha ASTM website Tl Hvww.astmog).
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